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(57) ABSTRACT

A member 20 for semiconductor manufacturing equipment
includes a base portion 22 and a ceramic member 30 formed
on the base portion 22. The ceramic member 30 of the present
invention includes a ceramic base 32 containing at least one of
magnesium oxide, a magnesium oxide solid solution in which
apredetermined component is dissolved in magnesium oxide,
and zirconium oxide; and an electrode 34 which is arranged
on part of the ceramic base 32 and which contains a ruthe-
nium-aluminum alloy as an electrode component. The
ceramic member 30 is a plate-like member and has a structure
in which the electrode 34 is embedded therein. The electrode
34 is connected to a feeding member 26 inserted from the
underside of the ceramic member 30. Electric power is sup-
plied from the feeding member 26.

15 Claims, 6 Drawing Sheets
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1
CERAMIC MEMBER AND MEMBER FOR
SEMICONDUCTOR MANUFACTURING
EQUIPMENT

BACKGROUND OF INVENTION

1. Field of the Invention

The present invention relates to a ceramic member and a
member for semiconductor manufacturing equipment.

2. Description of the Related Art

Hitherto, as a member for semiconductor manufacturing
equipment, an electrostatic chuck including an insulating
dielectric layer composed of aluminum oxide and an elec-
trode mainly composed of tungsten or tungsten carbide is
reported, in which a surface of the insulating dielectric layer
adjacent to a chuck surface has a surface roughness Ra 0f 0.25
um or less and a flatness of 20 um or less (for example, see
PTL 1). This electrostatic chuck has high responsiveness
including the saturation time of an electrostatic attractive
force and the lost time of a residual attractive force and is
highly efficient. Furthermore, as a member for semiconductor
manufacturing equipment, an electrostatic chuck including a
base composed of magnesium oxide and an electrode com-
posed of at least one metal selected from the group consisting
of'Ni, Co, and Fe is reported (for example, see PTL 2). In this
electrostatic chuck, the occurrence of a microcracking and
warpage can be suppressed, and the diffusion of an electrode
material in a dielectric layer can be prevented.
PTL 1: JP 7-297265 A
PTL 2: JP 2011-86919 A

SUMMARY OF THE INVENTION

However, in the case where the electrode material
described in PTL 1 is used for a ceramic member including a
ceramic base mainly composed of magnesium oxide or zir-
conium oxide, the resulting ceramic member has problems,
such as the occurrence of cracking due to a difference in
thermal expansion coefficient and the diffusion of an elec-
trode material in the ceramic base, arise, in sane cases. The
electrode material described in PTL 2 contains a magnetic
element. Thus, the electrode material is required to have
further improved properties suitable for electrostatic chucks.
That is, there remains a need for a more suitable electrode
used for a base mainly composed of magnesium oxide or
zirconium oxide.

The present invention has been accomplished in light of the
foregoing circumstances. It is a main object of the present
invention to provide a ceramic member which contains mag-
nesium oxide or zirconium oxide and which includes an elec-
trode having improved properties, and a member for semi-
conductor manufacturing equipment.

The Inventors have conducted intensive studies in order to
achieve the foregoing main object and have found that the use
of an electrode composed of an alloy containing ruthenium
and aluminum is more preferred because, for example, it
suppresses the occurrence of cracking, further reduces resis-
tivity, and further suppresses the diffusion of an electrode
material in a base. This finding has led to the completion of
the present invention.

A ceramic member of the present invention includes:

aceramic base containing at least one of magnesium oxide,
a magnesium oxide solid solution in which a predetermined
component is dissolved in magnesium oxide, and zirconium
oxide; and
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2

an electrode arranged on part of the ceramic base, the
electrode containing a ruthenium-aluminum allay serving as
an electrode component.

A member for semiconductor manufacturing equipment of
the present invention includes the foregoing ceramic member.

A ceramic member and a member for semiconductor
manufacturing equipment of the present invention may be
provided with an electrode having further improved proper-
ties. For example, it suppresses the occurrence of cracking,
further reduces resistivity, and further suppresses the diffu-
sion of an electrode material in a base, which is more pre-
ferred. The reason for this is presumably as follows: For
example, magnesium oxide and zirconium oxide have high
corrosion resistance, relatively high melting points (for
example, 1600° C. or higher), and relatively high thermal
expansion coefficients (for example, 10 to 13 ppnv/K). In
contrast, a ruthenium-aluminum alloy has a relatively high
melting point owing to Ru, a relatively high thermal expan-
sion coefficient owing to Al, and a low reactivity to the
ceramic base, even in an alloy state. Furthermore, by adjust-
ing a Ru/Al ratio, the thermal expansion coefficient can be
adjusted to a value close to those of magnesium oxide and
zirconium oxide. For this reason, it may be possible to sup-
press the occurrence of cracking, further reduce resistivity,
and further suppress the diffusion of an electrode material in
a base.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a configuration diagram schematically illustrating
of'an exemplary structure of a member 20 for semiconductor
manufacturing equipment.

FIG. 2 is an explanatory drawing of an exemplary process
for producing the member 20 for semiconductor manufactur-
ing equipment.

FIG. 3 is an XRD analysis chart in Experimental Example
1.

FIG. 4 is an enlarged view of a Mg(AO(N) peak in the
XRD analysis chart in Experimental Example 1.

FIG. 5illustrates element mapping images in Experimental
Examples 1 and 5 by EPMA.

FIG. 6 illustrates photographs of microstructures of bulk
materials in Experimental Examples 2 and 5 before and after
a moisture resistance test and a water resistance test.

FIG. 7 illustrates photographs of microstructures of bulk
materials in Experimental Examples 8 and 9 before and after
the moisture resistance test and the water resistance test.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings. FIG. 1 is an example of
a configuration drawing schematically illustrating the struc-
ture of a member 20 for semiconductor manufacturing equip-
ment according to an embodiment of the present invention.
The meter 20 for semiconductor manufacturing equipment
includes a base portion 22 and a ceramic member 30 formed
an the base portion 22. A through hole 24 is provided in the
base portion 22 of the member 20 for semiconductor manu-
facturing equipment. A rod-like feeding member 26 is
inserted in the through hole 24. A heater electrode configured
to heat the ceramic member 30 may be embedded in the base
portion 22. The ceramic member 30 of the present invention
includes a ceramic base 32 containing at least one of magne-
sium oxide, a magnesium oxide solid solution in which a
predetermined component is dissolved in magnesium oxide,
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and zirconium oxide; and an electrode 34 which is arranged
on part of the ceramic base 32 and which contains a ruthe-
nium-aluminum alloy as an electrode component. The
ceramic member 30 is a plate-like member and has a structure
in which the electrode 34 is embedded therein. The electrode
34 is connected to the feeding member 26 inserted from the
underside of the ceramic member 30. Electric power is sup-
plied from the feeding member 26. The ceramic member of
the present invention will be described below.

The ceramic base used in the ceramic member of the
present invention contains at least one of magnesium oxide, a
magnesium oxide solid solution in which a predetermined
component is dissolved in magnesium oxide, and zirconium
oxide. Examples of the magnesium oxide solid solution
include solid solutions in which one or more of Al, N, Ga, Zr,
Li, and so forth are dissolved in magnesium oxide. Among
these, for example, the ceramic base preferably contains the
magnesium oxide solid solution having a crystal phase of
Mg(ADO(N) in which Al and N components are dissolved in
magnesium oxide, the crystal phase serving as a main phase.
Mg(ADO(N) has corrosion resistance comparable to magne-
sium oxide and has superior moisture resistance and water
resistance to magnesium oxide. Thus, the ceramic base whose
main phase is the crystal phase of Mg(A1)O(N) has excellent
corrosion resistance, moisture resistance, and water resis-
tance. In the ceramic base of the present invention, the addi-
tion of aluminum nitride and alumina to magnesium oxide
significantly results in a significant increase in the solid solu-
bilities of Al and N components. Thus, the Mg(A1)O(N) may
contain a large amount of Al with respect to the solid solubil-
ity of N. The ceramic base of the present invention may
contain zirconium oxide or zirconium oxide containing a
stabilizer. For example, as the zirconium oxide, partially sta-
bilized zirconia or fully stabilized zirconia containing a sta-
bilizer, for example, yttrium oxide, calcium oxide, magne-
sium oxide, or cerium oxide may be used. Alternatively, a
composite material of zirconium oxide and aluminum oxide
may be used.

An XRD peak corresponding to the (111), (200), or (220)
plane ofthe Mg(A1)O(N) measured with CuKa radiation may
appear at 20=36.9 t0 39°, 42.9 to 44.8°, or 62.3 t0 65.2°, the
XRD peak being located between a peak of cubic magnesium
oxide and a peak of cubic aluminum nitride. While the XRD
peak appears in the range described above, the peak is not
clearly distinguished from peaks corresponding to other crys-
tal phases, in sane cases. Thus, one XRD peak may appear in
the range described above. Higher solid solubility of Al and N
components result in improvements in moisture resistance
and water resistance. The XRD peaks of magnesium oxide
shift to higher angles with increasing solid solubility. Thus,
when the XRD peaks corresponding to the (200) and (220)
planes of the Mg(ADO(N) appear at 20=42.92° or more and
62.33° or more, respectively, the moisture resistance can be
further enhanced, which is preferred. When the XRD peaks
corresponding to the (200) plane and the (220) plane of the
Mg(ADO(N) appear at 26=42.95° or more and 62.35° or
more, respectively, the moisture resistance and the water
resistance can be further enhanced, which is preferred. Fur-
thermore, when the XRD peaks corresponding to the (200)
and (220) planes of the Mg(ADO(N) appear at 26=43.04° or
more and 62.50° or more, respectively, the moisture resis-
tance and the water resistance can be further enhanced, which
is more preferred. Moreover, when the XRD peaks corre-
sponding to the (200) and (220) planes of the Mg(AO(N)
appear at 20=43.17° or more and 62.72° or more, respec-
tively, the water resistance can be further enhanced as well as
the moisture resistance, which is more preferred. In addition,

10

15

20

25

30

35

40

45

50

55

60

65

4

it was found that a smaller integral breadth of the Mg(A1)O
(N) results in higher water resistance. Specifically, the inte-
gral breadth of the XRD peak corresponding to the (200)
plane ofthe Mg(A1)O(N) is preferably 0.50° or less and more
preferably 0.35° or less in order to improve the water resis-
tance.

Ifthe magnesium oxide solid solution used for the ceramic
member of the present invention contains an AIN crystal
phase as a subphase, the corrosion resistance tends to
decrease. Thus, the magnesium oxide solid solution prefer-
ably has a lower AIN crystal phase content. More preferably,
the magnesium oxide solid solution is free from the AIN
crystal phase.

The magnesium oxide solid solution used for the ceramic
member of the present invention may contain a Mg—Al
oxynitride phase serving as a subphase, in which the XRD
peak of the Mg—Al oxynitride phase measured with CuKa
radiation appears at at least 20=47 to 49°. The Mg—Al oxyni-
tride also has high corrosion resistance. Thus, if the Mg—Al
oxynitride is contained as the subphase, there is no problem.
A higher Mg—Al oxynitride phase content improves the
mechanical properties and, in particular, effectively affects
improvements in strength and fracture toughness. However,
magnesium-aluminum oxynitride has low corrosion resis-
tance, compared with the Mg(A)O(N) of the present inven-
tion. Thus, the magnesium-aluminum oxynitride content is
restricted in view of corrosion resistance. Upon letting the
XRD peak intensity of the Mg—Al oxynitride phase
observed at 20=47 to 49° be A, and letting the intensity of the
XRD peak corresponding to the (220) plane of the Mg(ADO
(N) observed at 26=62.3 to 65.2° be B, A/B is preferably 0.03
or more. In this case, the mechanical properties can be further
enhanced. From the viewpoint of corrosion resistance, A/B is
preferably 0.14 or less.

In the magnesium oxide solid solution used for the ceramic
member of the present invention, the molar ratio of Mg/Al in
a mixed powder is preferably 0.5 or more.

The ceramic base used for the ceramic member of the
present invention preferably has an open porosity of 5% or
less. Here, the open porosity is defined as a value measured by
Archimedes’ method using pure water as a medium. An open
porosity exceeding 5% can result in a reduction in strength
and can be liable to cause particle emissions by the shedding
of'the material itself. Furthermore, for example, dust compo-
nents are liable to be accumulated in the pores at the time of
processing of the material, which is not preferred. The open
porosity is preferably as close to zero as possible. Thus, the
lower limit is not particularly set.

The magnesium oxide solid solution used for the ceramic
member of the present invention preferably has a thermal
expansion coefficient of 9 ppm/K or more and 14 ppm/K or
less and more preferably 10 ppm/K or more and 13 ppm/K or
less. The thermal expansion coefficient of the magnesium
oxide solid solution depends on the composition ratio of Mg,
O, Aland N contained. For example, in the magnesium oxide
solid solution, a higher Mg content has a tendency to cause
increases in corrosion resistance and thermal expansion coef-
ficient. A lower Mg content has a tendency to cause a slight
reduction in corrosion resistance and a reduction in thermal
expansion coefficient. When the composition of Mg, O, Al,
and N components is set to achieve desired properties, the
thermal expansion coefficient is preferably 9 ppm/K or more
and 14 ppm/K or less.

The magnesium oxide solid solution used for the ceramic
member of the present invention may be produced by, for
example, compacting a powder mixture of magnesium oxide,
aluminum nitride, and alumina, which are raw materials for
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the composition, and firing the resulting compact. In view of
corrosion resistance, for example, the magnesium oxide solid
solution preferably has a magnesium oxide content of 70% by
mass or more and 99% by mass or less, an aluminum nitride
content 0f0.5% by mass or more and 25% by mass or less, and
analumina content of 0.5% by mass or more and 25% by mass
or less, and more preferably a magnesium oxide content of
70% by mass or more and 90% by mass or less, an aluminum
nitride content of 5% by mass or more and 25% by mass or
less, and an alumina content of 5% by mass or more and 25%
by mass or less, in terms of magnesium oxide, aluminum
nitride, and aluminum oxide (alumina) in the composition of
the powder mixture of the raw materials. Furthermore, from
the viewpoint of simultaneously achieving mechanical prop-
erties and corrosion resistance, the magnesium oxide solid
solution preferably has a magnesium oxide content of49% by
mass or more and 99% by mass or less, an aluminum nitride
content 0f0.5% by mass or more and 25% by mass or less, and
analumina content of 0.5% by mass or more and 30% by mass
or less, and more preferably a magnesium oxide content of
50% by mass or more and 75% by mass or less, an aluminum
nitride content of 5% by mass or more and 20% by mass or
less, and an alumina content of 15% by mass or more and 30%
by mass or less, in terms of magnesium oxide, aluminum
nitride, and aluminum oxide (alumina) in the composition of
the powder mixture of the raw materials.

The electrode used for the ceramic member of the present
invention is partially arranged in the ceramic base and con-
tains a ruthenium-aluminum alloy as an electrode compo-
nent. The ruthenium-aluminum alloy has a low reactivity to
the ceramic base containing magnesium oxide, a magnesium
oxide solid solution, or zirconium oxide as a main compo-
nent. In the case of firing (co-firing) with the ceramic base, the
diffusion of the electrode component in the ceramic base is
more suppressed, which is preferred. The proportion of Ru in
the raw materials for the electrode, is preferably more than
20% by mole and 95% by mole or less with respect to the total
of Ru and Al. In this range, for example, the occurrence of
cracking is inhibited, the resistivity is more reduced, and the
diffusion of the electrode material in the base is more sup-
pressed, which are more preferred. The proportion of Ru is
preferably 30% by mole or more, more preferably 35% by
mole or more, and still more preferably 40% by mole or more
with respect to the total of Ru and Al. The proportion of Ru is
preferably 80% by mole or less, more preferably 70% by
mole or less, and still more preferably 55% by mole or less
with respect to the total of Ru and Al. The electrode compo-
nent in the electrode preferably has a thermal expansion coef-
ficient comparable to the ceramic base and preferably has a
thermal expansion coefficient of 9 to 14 ppm/K.

The electrode used for the ceramic member of the present
invention may contain RuAl as a crystal phase. The electrode
may also contain Ru or Ru, Al as a crystal phase. Regarding
the electrode component, for example, in the case where the
electrode has a higher Ru content than the Al content, the
electrode contains the crystal phase of Ru. In the case where
the electrode has a higher Al content than the Ru content, the
electrode contains the crystal phase of Ru,Al;. In view of
resistivity, the occurrence of cracking, the diffusion of the
electrode components in the base, and so forth, the electrode
preferably has lower contents of the crystal phase, e.g., Ruor
Ru,Al;, other than RuAl. More preferably, the electrode does
not contain the crystal phase other than RuAl.

In the electrode used for the ceramic member of the present
invention, the electrode components may contain a filler com-
ponent as an additive to adjust the thermal expansion coeffi-
cient. Examples of the filler component include a filler com-
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ponent containing Mg, N, and O; and a filler component
containing Al, N, and O. In other words, the electrode of the
present invention may contain at least one selected from Mg,
Zr, Y, Ca, Ce, Al, N, and O as electrode components in
addition to the ruthenium-aluminum alloy. Among these, an
additive containing Mg and O is more preferred because only
a small amount of the additive added can increase the thermal
expansion coefficient of the electrode. As the additive, a sub-
stance having a larger thermal expansion coefficient than
those of the electrode components is preferably used. In this
case, the thermal expansion coefficient of the electrode can be
adjusted using the filler component with respect to the ther-
mal expansion coefficient of the ceramic base. The reason for
this is that the thermal expansion coefficient of the RuAl alloy
is often lower than that of the ceramic base containing mag-
nesium oxide. Furthermore, the sintering of the filler compo-
nent and the ceramic base results in an increase in the adhe-
sion strength between the base and the electrode. Examples of
the additive that may be used include, but are not particularly
limited to, magnesium oxide; and magnesium oxide solid
solution, such as Mg(A1)O(N). In other words, as the additive,
the same composition as the ceramic base may be used.
Alternatively, a composition different from the ceramic base
may be used. To further reduce an increase in the resistance of
the electrode, the amount of the filler component added is
preferably minimized. For example, the amount of the filler
component added is preferably 40% by volume or less and
more preferably 20% by volume or less with respect to the
total of Ruand Al. Thus, in view of reducing the amount of the
filler component added, the RuAl alloy in the electrode com-
ponent preferably has a thermal expansion coefficient of 9
pp/K or more and more preferably 10 ppm/K or more.

Inthe electrode used for the ceramic member of the present
invention, the absolute value of a difference in thermal expan-
sion coefficient (thermal expansion coefficient difference)
between the ceramic base and the raw material component of
the electrode is preferably 2.5 ppm/K or less and more pref-
erably 0.8 ppm/K or less. A thermal expansion coefficient
difference of 0.8 ppm/K or less is more likely to suppress the
occurrence of cracking in the vicinity of the electrode. The
thermal expansion coefficient difference is more preferably
0.6 ppn/K or less and still more preferably 0.4 ppm/K or less.
Here, the thermal expansion coefficient of “the raw material
component of the electrode” indicates that, for example, in
the case where the raw material component of the electrode is
the RuAl alloy alone, the thermal expansion coefficient is
defined as the thermal expansion coefficient of the RuAl alloy
and that in the case where the electrode further contains
another electrode component and the filler component, the
thermal expansion coefficient is defined as the average value
of the thermal expansion coefficients of the RuAl alloy,
another electrode component, and the filler component on the
basis of volume fractions calculated from an electron micro-
scope image. Specifically, in the case where the raw material
component of the electrode contains 50% by volume of RuAl
which serves as an electrode component and which has a
thermal expansion coefficient of 10.5 ppm/K and 50% by
volume of MgO which serves as a filler component and which
has a thermal expansion coefficient of 13.0 ppm/K, the aver-
age thermal expansion coefficient is calculated as 10.5x0.5+
13.0x0.5=11.8 ppnm/K. In an electrode containing a plurality
of electrode components and a filler component, the thermal
expansion coefficient is determined using the average thermal
expansion coefficient.

The electrode used for the ceramic member of the present
invention preferably has a lower resistivity and a resistivity of
1x10~* Qcm or less. In this case, the electrode may function
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as an electrode used for an electrostatic chuck or the like. The
resistivity is preferably 5.5x107> Qcm or less, more prefer-
ably 3.5x107> Qcm or less, and still more preferably 2.5x107>
Qcm or less. In this case, the electrode may function as an
electrode for a heater or the like.

The electrode used for the ceramic member of the present
invention may have, for example, a plate-, net-, linear, or
coil-like shape. The electrode may have a thickness of 1 um or
more or 10 um or more. The electrode may have a thickness of
200 um or less or 100 pm or less. The thickness of the
electrode may be appropriately determined by the application
of'the electrode, for example, an electrostatic electrode for an
electrostatic chuck or a heater electrode, and the specification
of a product.

The electrode used for the ceramic member of the present
invention may be formed by the sintering of a ruthenium-
aluminum alloy powder as a raw material or by the reaction
sintering of a ruthenium powder and an aluminum powder as
raw materials. In the case where the ruthenium-aluminum
alloy powder is used as a raw material, the resulting electrode
has more uniform distributions of Ru and Al. In the case
where the ruthenium powder and the aluminum powder are
used as raw materials, a step of preparing an alloy powder in
advance is omitted, thereby simplifying the process.

A method for producing the ceramic member ofthe present
invention will be described below. The production method of
the present invention may include a formation step of forming
a green electrode containing Ru and Al on part of a first
sintered compact containing at least one of magnesium oxide,
a magnesium oxide solid solution in which a predetermined
component is dissolved in magnesium oxide, and zirconium
oxide, and arranging a second sintered compact or a second
green compact (unfired) on the resulting formed article to
form a laminate, the second sintered compact or the second
green compact (unfired) having the same composition as the
first sintered compact; and a firing step of firing the laminate.
Here, a method for producing a ceramic member including a
ceramic base containing a magnesium oxide solid solution
will be mainly described.

In the formation step, preparation treatment, first compact-
ing treatment, and first firing treatment are performed to
produce the first sintered compact. The first sintered compact
may be produced by, for example, preparing a powder mix-
ture of magnesium oxide, aluminum nitride, and aluminum
oxide (alumina), compacting the powder mixture into a first
green compact, and firing the first green compact. The powder
mixture which is used in the preparation treatment and which
is a raw material for the first sintered compact preferably
contains 49% by mass or more magnesium oxide, aluminum
nitride, and alumina. In view of corrosion resistance, the
powder mixture more preferably has a magnesium oxide
content of 70% by mass or more and 99% by mass or less, an
aluminum nitride content of 0.5% by mass or more and 25%
by mass or less, and an alumina content of 0.5% by mass or
more and 25% by mass or less in the composition of the
powder mixture. Still more preferably, the powder mixture
has a magnesium oxide content of 70% by mass or more and
90% by mass or less, an aluminum nitride content of 5% by
mass or more and 25% by mass or less, and an alumina
content of 5% by mass or more and 25% by mass or less. From
the viewpoint of simultaneously achieving mechanical prop-
erties and corrosion resistance, the powder mixture more
preferably has a magnesium oxide content of 49% by mass or
more and 99% by mass or less, an aluminum nitride content of
0.5% by mass or more and 25% by mass or less, and an
alumina content 0f 0.5% by mass or more and 30% by mass or
less in the composition of the powder mixture. Still more
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preferably, the powder mixture has a magnesium oxide con-
tent of 50% by mass or more and 75% by mass or less, an
aluminum nitride content of 5% by mass or more and 20% by
mass or less, and an alumina content of 15% by mass or more
and 30% by mass or less. The same composition of the raw
material powder is used for the second green compact or the
second sintered compact of the magnesium oxide solid solu-
tion. In the first compacting treatment, for example, the pow-
der mixture is subjected to uniaxial compaction treatment
with a metal mold capable of forming a predetermined shape.
The compacting pressure is appropriately determined,
depending on the application and specifications and may be,
for example, 50 kgt/ecm?® or more and 200 kgf/cm? or less.

Next, the first firing treatment to fire the first green compact
is performed to provide the first sintered compact. In the firing
of the first green compact, in the cases of magnesium oxide
and the magnesium oxide solid solution, for example, the
firing temperature is preferably 1650° C. or higher and more
preferably 1700° C. or higher. A firing temperature of 1650°
C. or higher ensures the strength of the first sintered compact,
thereby more assuredly producing the target Mg(ADO(N). At
a firing temperature of lower than 1700° C., the ceramic base
contains AIN as a subphase, in some cases. To achieve high
corrosion resistance, firing is preferably performed at 1700°
C. or higher. The firing temperature is not particularly limited
and may be, for example, 1850° C. or lower. As the firing,
hot-press firing is preferably employed. The hot-press firing
is preferably performed at a pressing pressure of 50 to 300
kef/cm®. An atmosphere during firing is preferably an atmo-
sphere that does not affect the firing of the oxide raw material.
Preferred examples thereof include a nitrogen atmosphere
and inert atmospheres, such as an Ar atmosphere and a He
atmosphere. The pressure during the compacting is not par-
ticularly limited and may be appropriately set to a pressure
such that the shape is maintained.

For the ceramic base containing zirconium oxide, for
example, the firing temperature is preferably 1100° C. or
higher and more preferably 1300° C. or higher. A firing tem-
perature of 1300° C. or higher ensures the strength of the first
sintered compact. The firing temperature is not particularly
limited and may be, for example, 1800° C. or lower. An
atmosphere during firing is preferably an atmosphere that
does not affect the firing of the oxide raw material. Preferred
examples thereof include a nitrogen atmosphere and inert
atmospheres, such as an Ar atmosphere and a He atmosphere.
The pressure during the compacting is not particularly limited
and may be appropriately set to a pressure such that the shape
is maintained.

Subsequently, the first sintered compact is subjected to
electrode formation treatment to form the green electrode.
The green electrode may be formed by, for example, prepar-
ing a slurry or paste in which an electrode raw-material pow-
der containing an electrode component and optionally a filler
component are dispersed in a solvent (hereinafter, referred to
simply as a “paste”) and by using the paste. A material for the
electrode may be a ruthenium-aluminum alloy powder or a
ruthenium powder and an aluminum powder. In the case here
the ruthenium-aluminum alloy powder is used as a raw mate-
rial, the resulting electrode has more uniform distributions of
Ru and Al In the case where the ruthenium powder and the
aluminum powder are used as raw materials, a step of prepar-
ing an alloy powder in advance is omitted, thereby simplify-
ing the process. In the electrode material, the proportion of Ru
is preferably more than 20% by mole and 95% by mole or less
with respect to the total of Ru and Al In this range, for
example, the occurrence of cracking is inhibited, the resistiv-
ity is more reduced, and the diffusion of the electrode material
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in the base is more suppressed, which are more preferred. The
proportion of Ru is preferably 30% by mole or more, more
preferably 35% by mole or more, and still more preferably
40% by mole or more with respect to the total of Ru and Al.
The proportion of Ru is preferably 80% by mole or less, more
preferably 70% by mole or less, and still more preferably 55%
by mole or less with respect to the total of Ru and Al. The
electrode material preferably has a particle size of 0.1 to 50
um, which achieves both the flowability and the shape reten-
tivity of the paste. As a solvent used for the paste, a solvent
that does not cause the degradation of the function of the
ceramic member in the subsequent step is preferred. For
example, an organic solvent, such as diethylene glycol
monobutyl ether, is preferred. The electrode paste may further
contain, for example, a binder in addition to the solvent. As
the binder, for example, an organic binder, such as polyvinyl
butyral, is preferably used. The formation of the electrode
may be performed by, for example, screen printing.

The electrode component in the electrode preferably has a
thermal expansion coefficient comparable to the ceramic
base. A filler component to adjust the thermal expansion
coefficient is preferably added thereto. An example of the
filler component is a filler component containing Mg and O.
An additive containing Mg and O is more preferred because
only a small amount of the additive added can increase the
thermal expansion coefficient of the electrode. As the filler
component, a substance having a larger thermal expansion
coefficient than that of the electrode component is preferably
used. In this case, the addition of the filler component enables
the adjustment of the thermal expansion coefficient of the
electrode with respect to the thermal expansion coefficient of
the ceramic base. The reason for this is that the thermal
expansion coefficient of the RuAl alloy is often lower than
that of the ceramic base containing magnesium oxide. Fur-
thermore, the sintering of the filler component and the
ceramic base results in an increase in the adhesion strength
between the base and the electrode. Examples of the filler that
may be used include, but are not particularly limited to, mag-
nesium oxide; and magnesium oxide solid solution, such as
Mg(ADO(N). In other words, as the additive, the same com-
position as the ceramic base may be used. Alternatively, a
composition different from the ceramic base may be used. To
further reduce an increase in the resistance of the electrode,
the amount of the filler component added is preferably mini-
mized. For example, the amount of the filler component
added is preferably 40% by volume or less and more prefer-
ably 20% by volume or less with respect to the total of Ruand
Al

Subsequently, in order to embed the green electrode, the
second sintered compact or the second green compact (un-
fired) having the same cc position as the first sintered compact
is arranged on the first sintered compact on which the green
electrode has been formed, thereby forming a laminate (lami-
nation treatment). The second sintered compact may be
formed in the same step as the first sintered compact. The
second green compact may be formed using the raw materials
for the first sintered compact. In the case where the second
green compact is used, the laminate may be formed by plac-
ing the raw material powder for the second green compact an
the green electrode arranged on the first sintered compact and
applying a predetermined load by the use of uniaxial pressing.
The uniaxial pressing in the lamination treatment may be
performed under the same conditions as the first compacting
treatment.

In the firing step, the resulting laminate is fired. The same
firing conditions as the first firing treatment may be used. For
example, in the ceramic base having both upper and lower

20

25

30

40

45

55

10

portions produced at 1700° C. or higher and containing mag-
nesium oxide and the magnesium oxide solid solution, in the
case of using the first and second sintered compacts, the
sintered compacts are bonded together at 1650° C. or higher.
For the ceramic base containing zirconium oxide, in the case
of using the first and second sintered compacts, the sintered
compacts are bonded together at 1400° C. or higher. As the
firing, hot-press firing is preferably employed.

The ceramic member of the present invention is produced
through the production process. Examples of a member for
semiconductor manufacturing equipment provided with the
ceramic member of the present invention include electrostatic
chucks, susceptors, and heaters used for semiconductor
manufacturing equipment. These components are required to
have excellent corrosion resistance to plasmas of halogen
element-containing corrosive gases. Thus, the ceramic mem-
ber of the present invention is preferably used therefor.

The ceramic member according to the foregoing embodi-
ment is provided with an electrode having improved proper-
ties, such as the inhibition of the occurrence of cracking, a
further reduction in resistivity, and the further suppression of
the distribution of an electrode material in the base. The
reason for this is as follows: For example, the ruthenium-
aluminum alloy has a relatively high melting point owing to
Ru, a relatively high thermal expansion coefficient owing to
Al, and a low reactivity to the ceramic base, even in an alloy
state. The ruthenium-aluminum alloy does not contain a mag-
netic element and thus does not have an effect, such as non-
uniform etching, due to the presence of the magnetic element
at the time of the application of a voltage in plasma etching or
the like, which is preferred. By adjusting a Ru/Al ratio, the
thermal expansion coefficient can be adjusted to a value close
to those of magnesium oxide and zirconium oxide. In the case
where a solid solution containing Mg(A)O(N) in which Al
and N are dissolved in magnesium oxide is used as the
ceramic base, the Mg(A)O(N) serving as the main phase of
the solid solution, the resulting ceramic base has corrosion
resistance comparable to magnesium oxide and superior
moisture resistance and water resistance to magnesium oxide
and is more chemically stable.

The present invention is not limited to the foregoing
embodiment. It will be obvious that various changes may be
made without departing from the technical scope of the inven-
tion.

For example, in the foregoing embodiment, the member 20
for semiconductor manufacturing equipment is provided.
However, the ceramic member 30 including the ceramic base
32 and the electrode 34 may be provided. In this case, the
ceramic member 30 also includes the more suitable electrode
and is chemically more stable. In the foregoing embodiment,
the member including one electrode has been described.
However, the member may include an electrostatic electrode
and a heater electrode.

While the ceramic member 30 is used for semiconductor
manufacturing equipment in the foregoing embodiment, the
ceramic member 30 is not particularly limited thereto. The
ceramic member 30 may be used for applications other than
semiconductor manufacturing equipment, for example, sen-
sors to detect oxygen and nitrogen oxides, and ceramic heat-
ers.

In the production process described in the foregoing
embodiment, the electrode is formed so as to be embedded in
the ceramic base. However, the electrode is not particularly
limited thereto. For example, the electrode may be formed on
the outer surface of the ceramic base. In the foregoing
embodiment, the green electrode is formed on the first sin-
tered compact. However, for example, the green electrode
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may be formed on a surface of the unfired first green compact
that is formed by compacting a ceramic raw material. The
second green compact (unfired) or the second sintered com-
pact may be arranged on the first green compact (unfired) on
which the electrode has been formed to provide a laminate,
and then the resulting laminate may be fired to form an
embedded electrode member. While the green electrode is
formed and then the electrode is sintered in the ceramic base,
a sintered electrode that has been produced by performing
compacting and firing may be used. In the production process
described in the foregoing embodiment, the ceramic base is
composed of the magnesium oxide solid solution in which Al
and N are dissolved. However, the ceramic base is not limited
thereto. For example, the ceramic base may be composed of
magnesium oxide or zirconium oxide. Alternatively, the
ceramic base may be composed of a magnesium oxide solid
solution in which another component is dissolved.

In the foregoing embodiment, the ceramic base containing
a relatively large amount of magnesium oxide or zirconium
oxide has been described. However, the ceramic base is not
particularly limited thereto. The ceramic base may contain a
relatively small amount of magnesium oxide. For example,
the ceramic base may have a magnesium oxide content of
15% by mass or more and 66.2% by mass or less, an alumina
content of 63% by mass or less, and an aluminum nitride
content of 57.7% by mass or less, in terms of magnesium
oxide, aluminum nitride, and aluminum oxide (alumina) in
the composition of the powder mixture of the raw materials.
In this case, the ceramic base has corrosion resistance com-
parable to or higher than that of spinel. Furthermore, the
ceramic base may have a magnesium oxide content 0o£37% by
mass or more and 66.2% by mass or less, an alumina content
of 63% by mass or less, and an aluminum nitride content of
57.7% by mass or less. Moreover, the ceramic base may have
a magnesium oxide content of 5% by mass or more and 60%
by mass or less, an alumina content of 60% by mass or less,
and an aluminum nitride content of 90% by mass or less. In
this case, the ceramic base has a lower linear thermal expan-
sion coefficient and higher temperature uniformity while hav-
ing corrosion resistance comparable to that of spinel. These
ceramic bases are also provided with electrodes having
improved properties.

In the foregoing case, the ceramic base may contain mag-
nesium, aluminum, oxygen, and nitrogen as main compo-
nents and the Mg—Al oxynitride phase as a main phase, in
which the XRD peak of the Mg—Al oxynitride phase mea-
sured with CuKa radiation appears at at least 26=47 to 49°.
The corrosion resistance of the Mg—Al oxynitride to halo-
gen-based plasmas is comparable to or higher than that of
spinel. Thus, the ceramic base containing the oxynitride as the
main phase also has high corrosion resistance. The Mg—Al
oxynitride may have a lower linear thermal expansion coef-
ficient than that of spinel while having corrosion resistance
comparable to that of spinel. In this case, the ceramic base
may contain the crystal phase of Mg(A)O(N) in which Al and
N components are dissolved in magnesium oxide, the crystal
phase serving as a subphase. The Mg(A1)O(N) also has high
corrosion resistance. Thus, if the Mg(Al)O(N) is contained as
the subphase, there is no problem.

EXAMPLES

Preferred application examples of the present invention
will be described below. Results of detailed studies on
ceramic bases containing magnesium oxide or magnesium
oxide solid solutions in which predetermined components (Al
and N) are dissolved in magnesium oxide are described in
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Experimental Examples 1 to 26. In Experimental Examples 1
to 16 and 22 to 26, as raw material MgO and raw material
Al,O;, commercial items each having a purity of 99.9% by
mass or more and an average particle size of 1 um or less were
used, and as raw material AIN, a commercial item having a
purity of 99% by mass and an average particle size of 1 um or
less was used. In Experimental Examples 17 to 21, as raw
material MgO, a commercial item having a purity of 99.4%
by mass and an average particle size of 3 um was used. As raw
material Al,O;, a commercial item having a purity of 99.9%
by mass and an average particle size of 0.5 um was used. As
raw material AIN, the commercial item, which was the same
as in Experimental Examples 1 to 16 and 22 to 26, having an
average particle size of 1 pm or less was used.

Experimental Examples 1 to 16 and 24
Preparation

Raw material MgO, raw material Al,O and raw material
AIN were weighed in amounts (% by mass) described in
Table 1. These materials were wet-mixed for 4 hours in a
nylon pot with alumina balls 5 mm in diameter using isopro-
py! alcohol as a solvent. After the completion of the mixing,
the resulting slurry was taken out and dried at 110° C. in a
stream of nitrogen. Then the mixture was passed through a
30-mesh sieve to provide a powder mixture. The molar ratio
of Mg/ Al of the powder mixture was 2.9.

Compacting

The powder mixture was subjected to uniaxial pressing at
200 kgf/em® to form a disk-like green compact having a
diameter of about 50 mm and a thickness of about 20 mm. The
green compact was placed in a graphite mold for firing.

Firing

The disk-like green compact was subjected to hot-press
firing to provide a ceramic base. The hot-press firing was
performed at a pressing pressure of 200 kgf/cm? and a firing
temperature (maximum temperature) described in Table 1.
An Ar atmosphere was maintained until the firing was com-
pleted. The holding time at the firing temperature was 4 hours.

Experimental Examples 17 to 23, 25, and 26

Ceramic bases were produced as in Experimental Example
1, except that raw material MgO, raw material Al,O;, and raw
material AIN were weighed in amounts (% by mass)
described in Table 1, the compacting pressure applied to the
powder mixture was 100 kgf/cm?, the atmosphere during the
firing was N,,, and the firing temperature (maximum tempera-
ture) was a value described in Table 1.

Evaluation

Each of the materials produced in Experimental Examples
110 26 was processed for various evaluations, and the follow-
ing evaluations were made. Tables 1 and 2 illustrate the evalu-
ation results.

(1) Bulk Density and Open Porosity

The bulk density and the open porosity were measured by
Archimedes’ method using pure water as a medium.

(2) Evaluation of Crystal Phase

Each of the materials was pulverized with a mortar. The
crystal phase was identified with an X-ray diffractometer. The
measurement was performed with a sealed tube-type X-ray
diffractometer (D8 ADVANCE, manufactured by Bruker
AXS) operating at 40 kV and 40 mA and using CuKa radia-
tion in the range 0f 260 between 50 and 70° with a step size of
0.02°. In the case where diffraction angles at positions of the
peak maxima were determined, 10% by mass of a standard Si



US 9,177,847 B2

13

sample powder (SRM 640C) manufactured by NIST was
added as an internal standard to correct peak positions. The
diffraction angles at the positions of the peak maxima of
magnesium oxide were defined as values reported in ICDD
No. 78-0430. The peak spacing and the integral breadth
between the solid solution (Mg(ADO(N)) in which Al and N
components were dissolved in magnesium oxide and magne-
sium oxide were calculated as described below.

(2)-1 Calculation of Peak Spacing (Peak Shift)

To perform the relative comparison of the solid solubility
of Aland N in the Mg(A1)O(N), the peak spacing (peak shift)
was evaluated with reference to the (220) plane of the Mg(Al)
O(N). The difference between the diffraction angle at the
position of the peak maximum corresponding to the (220)
plane of the Mg(A1)O(N) and the diffraction angle (62.3°) of
the (220) plane of magnesium oxide reported in No. 78-0430
was defined as the peak spacing.

(2)-2 Calculation of Integral Breadth

To perform the relative comparison of the crystallinity of
the Mg(AD)O(N), the integral breadth was calculated. The
integral breadth was calculated by dividing the peak area of
the (200) peak of the MgO—AIN solid solution by the inten-
sity ofthe peak maximum (Imax). The peak area was obtained
by cancelling the background and integrating the intensity in
the range of -1° to +1° of the diffraction angle at the position
of the peak maximum. The calculation formula is described
below. The background was defined as a peak intensity at an
angle obtained by subtracting 1° from the diffraction angle at
the position of the peak maximum. The integral breadth of the
(111) plane of the standard Si sample (SRM 640C) manufac-
tured by NIST was calculated by the method and found to be
0.15°.

(Integral Breadth)=(Z1(20)x(step size))/Imax

(2)-3 Calculation of XRD Peak Intensity Ratio of Mg—Al
Oxynitride Phase and Mg(ADO(N)

To perform the relative comparison of the proportion of the
Mg—Al oxynitride phase contained as a subphase, the XRD
peak intensity ratio of the Mg—Al oxynitride phase to the
Mg(ADO(N) was calculated by a method described below.
Upon letting the XRD peak intensity of the Mg—Al oxyni-
tride phase observed at 20=47 to 49° be A, and letting the
intensity of the XRD peak corresponding to the (220) plane of
the Mg(A1)O(N) observed at 26=62.3 to 65.2° be B, the value
of A/B was determined. Here, the XRD peak intensity A was
defined as an integrated intensity obtained by cancelling the
background of the XRD peak observed at 26=47 to 49°. The
XRD peak intensity B was defined as an integrated intensity
obtained by cancelling the background of the XRD peak
corresponding to the (220) plane of the Mg(A)O(N). The
calculation was performed with commercially available soft-
ware JADE 5 manufactured by MDI.

(3) Etching Rate

A surface of each of the materials was mirror-polished. A
corrosion resistance test was performed with an ICP corro-
sion resistance testing apparatus under conditions described
below. The step height between a masked surface and an
exposed surface measured with a surface profiler was divided
by a testing time to calculate the etching rate of each material.

ICP: 800 W, bias: 450 W, introduction gas: NF;/O,/Ar=75/
35/100 scem at 0.05 Torr, exposure time: 10 h, sample tem-
perature: room temperature.
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(4) Constituent Elements

The detection, identification, and concentrations of con-
stituent elements were analyzed by EPMA.

(5) Moisture Resistance

Each of the materials was pulverized with a mortar to
prepare a powder having a median diameter of 10 um or less.
The powder was exposed to an atmosphere with a saturated
water vapor pressure at room temperature for 4 days. Then the
amount of dehydration was measured with a TG-DTA in the
temperature range of 40° C. to 500° C.

(6) Moisture Resistance of Bulk Material

A surface of each of the materials was mirror-polished. The
mirror-polished materials were exposed to an atmosphere
having a temperature of40° C. and a relative humidity of 90%
for 28 days. Then the surface of each material was observed
with a scanning electron microscope (XL.30, manufactured
by Philips). A material that remained unchanged was rated as
(O). A material in which acicular or granular precipitates
were formed on 40% or more of the surface was rated as (x).
A material in an intermediate state therebetween was rated as
).

(7) Water Resistance of Bulk Material

A surface of each of the materials was mirror-polished. The
mirror-polished materials were immersed in water at room
temperature for 15 days. Then the surface of each material
was observed with the scanning electron microscope. A mate-
rial that remained unchanged was rated as (O). A material in
which the trace of elution was observed on 40% or more of the
surface was rated as (x). A material in an intermediate state
therebetween was rated as (A).

(8) Fracture Toughness

The fracture toughness was evaluated by an SEPB method
according to JIS-R1607.

(9) Bending Strength

The bending strength was measured by a bending strength
test according to JIS-R1601.

(10) Measurement of Volume Resistivity

The volume resistivity was measured by a method accord-
ing to JIS-C2141 in air at room temperature. A test piece had
asize of 50 mmx(0.5 to 1 mm). Electrodes composed of silver
were formed in such a manner that a main electrode had a
diameter of 20 mm, a guard electrode had an inside diameter
0130 mm and an outside diameter of 40 mm, and an applica-
tion electrode had a diameter of 40 mm. The applied voltage
was 2 kV/mm. A current value one minute after the applica-
tion the voltage was read. The volume resistivity at room
temperature was calculated from the current value. In each of
Experimental Examples 1, 3, 5, and 12, the volume resistivity
was measured by the same method in vacuum (0.01 Pa or less)
at 600° C. A test piece had a size of 50 mmx(0.5 to 1 mm).
Electrodes composed of silver were formed in such a manner
that a main electrode had a diameter of 20 mm, a guard
electrode had an inside diameter of 30 mm and an outside
diameter of 40 mm, and an application electrode had a diam-
eter of 40 mm. The applied voltage was 500 V/mm. A current
value one hour after the application the voltage was read. The
volume resistivity at room temperature was calculated from
the current value. In the volume resistivity described in Table
2, “aBb” represents ax10®. For example, “1E16” represents
1x10'S.
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TABLE 1
Mg/Al Firing Bulk
MgO  ALO; AIN Molar  Temperature Firing Density Open
Composition mass % mass % mass%  Ratio °C. Atmosphere  g/cm?  Porosity %
EXAMPLE 1 70.7 22.0 7.2 2.9 1850 Ar 3.53 0.15
EXAMPLE 2 70.7 22.0 7.2 2.9 1800 Ar 3.54 0.04
EXAMPLE 3 70.7 22.0 7.2 2.9 1750 Ar 3.54 0.04
EXAMPLE 4 70.7 22.0 7.2 2.9 1650 Ar 3.53 0.10
EXAMPLE 5 100 — — — 1500 Ar 3.57 0.30
EXAMPLE 6 37.0 63.0 — 0.7 1650 Ar 3.57 0.00
EXAMPLE 7 60.7 29.6 9.7 1.9 1850 Ar 3.52 0.05
EXAMPLE 8 60.7 29.6 9.7 1.9 1800 Ar 3.52 0.05
EXAMPLE 9 60.7 29.6 9.7 1.9 1750 Ar 3.52 0.05
EXAMPLE 10 61.2 25.2 13.5 1.9 1800 Ar 3.49 0.02
EXAMPLE 11 66.2 24.1 9.7 2.3 1800 Ar 3.52 0.01
EXAMPLE 12 71.2 18.8 10.1 2.9 1800 Ar 3.52 0.03
EXAMPLE 13 56.1 28.6 15.3 1.5 1800 Ar 3.47 0.05
EXAMPLE 14 85.0 11.3 3.7 10.6 1800 Ar 3.55 0.07
EXAMPLE 15 72.6 9.3 18.2 2.9 1800 Ar 3.46 0.00
EXAMPLE 16 74.0 24.7 1.3 3.6 1800 Ar 3.56 0.19
EXAMPLE 17 49.0 28.2 22.8 1.1 1775 N, 3.41 0.00
EXAMPLE 18 70.7 22.0 7.2 2.9 1800 N, 3.53 0.05
EXAMPLE 19 60.7 29.6 9.7 1.9 1800 N, 3.54 0.07
EXAMPLE 20 41.0 384 20.6 0.8 1800 N, 3.43 0.04
EXAMPLE 21 60.7 29.6 9.7 1.9 1725 N, 3.52 0.06
EXAMPLE 22 60.7 29.6 9.7 1.9 1900 N, 3.52 0.05
EXAMPLE 23 60.7 29.6 9.7 1.9 1775 N, 3.52 0.05
EXAMPLE 24 60.7 29.6 9.7 1.9 1775 Ar 3.52 0.05
EXAMPLE 25 60.7 29.6 9.7 1.9 1700 N, 3.52 0.06
EXAMPLE 26 60.7 29.6 9.7 1.9 1650 N, 3.53 0.09
Mg(ADON) (220) (200)
Peak Maxima Plane Plane
Crystal Phase (111) (200) (220) Peak Integral
Main Plane Plane Plane Shift® Breadth®
Composition Phase? Subphase? ) (°) ®) (°) (°)
EXAMPLE1 Mg(ADON) MgALOMg—Al—O—N  37.22 4326 62.85 0.55 0.26
EXAMPLE2 Mg(ADON) MgALOMg—Al—O—N  37.14 43.18 62.73 043 0.25
EXAMPLE3 Mg(ADON) MgALOMg—Al—O—N 3696 43.16 62.75 045 0.45
EXAMPLE4  Mg(ADON) MgALO,AIN 36.94 4292 6233 0.03 0.34
EXAMPLES5S MgO — 38.90 4290 62.30 0.00 0.28
EXAMPLE 6  MgAl,O, MgO — 4290 6230  0.00 0.27
EXAMPLE7 Mg(ADON) MgALOMg—Al—O—N — 4318 6273 043 0.26
EXAMPLE &  Mg(ADON) MgALOMg—Al—O—N — 4318 6273 043 0.32
EXAMPLE9  Mg(ADON) MgALOMg—Al—O—N —  43.04 6265 035 0.49
EXAMPLE 10 Mg(ADON) MgALOMg—Al—O—N — 4320 6275 045 0.31
EXAMPLE 11 Mg(ADON) MgALOMg—Al—O—N — 4320 6275 045 0.28
EXAMPLE 12 Mg(ADO(N) Mg—Al—O—N 37.24 4326 62.83 053 0.30
EXAMPLE 13 Mg(ADON) MgALOMg—Al—O—N — 4318 6273 043 0.30
EXAMPLE 14 Mg(ADON) MgALOMg—Al—O—N  37.06 43.08 62.53 0.23 0.25
EXAMPLE 15 Mg(ADON) Mg—Al—O—N 36.98 4298 6241 011 0.27
EXAMPLE 16 Mg(ADON) MgALO, — 4294 6237 007 0.25
EXAMPLE 17 Mg(ADON) MgALOMg—Al—O—N — 4318 6272 042 0.35
EXAMPLE 18 MgO MgALO4AIN 369 4290 6230 0.00 0.31
EXAMPLE 19 MgO MgALO4AIN — 4290 6230  0.00 0.30
EXAMPLE 20 MgAlLO,Mg—Al—O—NMg(AHO(N) — 4317 6272 042 0.27
EXAMPLE 21 Mg(ADON) MgALOMg—Al—O—N —  43.02 62.63 033 0.51
EXAMPLE 22 Mg(ADON) MgALOMg—Al—O—N — 4318 6273 043 0.26
EXAMPLE 23 Mg(ADON) MgALOMg—Al—O—N — 4317 6273 043 0.30
EXAMPLE 24 Mg(ADON) MgALOMg—Al—O—N — 4317 6273 043 0.30
EXAMPLE 25 Mg(ADON) MgALOMg—Al—O—N — 4310 62.69 0.39 0.53
EXAMPLE 26 Mg(ADON) MgALOLAIN — 4292 6233  0.06 0.34

DMg(AON): MgO—AIN solid solution (cubic)
2Mg—Al—O—N: Mg—Al oxynitride
YXRD peak spacing of (220) plane of Mg(AI)O(N) and (220) plane of MgO
Dlntegral breadth of (200) plane of Mg(ANON)
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TABLE 2
Rate of Moisture Water Volume
Etching Water Resistance Resistance  Fracture Volume  Resistivity
XRD Peak  Rate Loss of Bulk of Bulk Toughness Strength Resistivity at 600° C.
Composition A/BY (nm/h) (%) Material® Material® MPa-m'? (MPa) (Q-cm) (Q-cm)
EXAMPLE 1 0.004 109 1.8 O O — 85 — 8E9
EXAMPLE 2 0.004 112 1.9 O O 2.2 145 >1E17 —
EXAMPLE 3 0.003 110 1.9 O A 2 171 >1E17 3E10
EXAMPLE 4 0.000 168 2.2 A X — 275 — —
EXAMPLE 5 0.000 104 6.5 X X 2.2 240 >1E17 2E12
EXAMPLE 6 0.000 202 2.7 X X — — — —
EXAMPLE 7 0.058 142 1.6 O O 2.6 204 — —
EXAMPLE 8 0.039 146 1.7 O O 2.5 222 >1E17 —
EXAMPLE 9 0.052 147 1.9 O A 2.5 243 — —
EXAMPLE 10 0.074 138 1.8 O O 2.7 204 >1E17 —
EXAMPLE 11 0.031 143 1.8 O O 2.5 183 — —
EXAMPLE 12 0.023 93 1.4 O O 1.9 152 — 2E10
EXAMPLE 13 0.138 166 1.9 O O 3.1 251 — —
EXAMPLE 14 0.005 105 2.2 O A 2.1 177 — —
EXAMPLE 15 0.125 124 2.3 A A 44 350 >1E17 —
EXAMPLE 16 0.000 104 2.3 A X 2.2 185 — —
EXAMPLE 17 0.321 181 1.8 O O 3.2 270 — —
EXAMPLE 18 0.000 171 3.6 X X — — — —
EXAMPLE 19 0.000 175 3.4 X X — — — —
EXAMPLE 20 0.449 201 1.9 O O 33 275 — —
EXAMPLE 21 0.058 154 1.9 O X 2.6 249 — —
EXAMPLE 22 0.063 135 1.6 O O 1.3 121 — —
EXAMPLE 23 0.046 141 1.7 O O 2.5 231 >1E17 —
EXAMPLE 24 0.047 136 1.7 O O 2.5 236 >1E17 —
EXAMPLE 25 0.051 150 1.9 O X 2.5 222 — —
EXAMPLE 26 0.032 195 2.9 A X — — — —

DA Peak intensity Mg—Al—O—N at 20 = 47~49°, B: Peak intensity of MgO at 26 = 62.3~65.2°

2Evaluated based on the microstructural change of mirror-polished material before and after being exposed to an atmosphere having a temperature
0f40° C. and 90RH % moisture for 28 days. A material thatremained unchanged was rated as (), a material in which acicular or granular precipitates
yere formed on 40% or more of the surface was rated as (X), and a material in an intermediate state there between was rated as (A).

Evaluated based on the microstructural change of mirror-polished material before and after being immersed in water at room temperature for 15
days. A material that remained unchanged was rated as (O), a material in which the trace of elution was observed on 40% or more of the surface was

rated as (X), and a material in an intermediate state there between was rated as (A).
4) “—” represents “unmeasured”

Evaluation Results

As illustrated in Tables 1 and 2, in each of Experimental
Examples 1to 3, 7 to 17, and 21 to 25, the evaluation results
of the crystal phase demonstrated the following facts: The
ceramic base contained a Mg(A1)O(N) as a main phase, in
which XRD peaks corresponding to the (111), (200), and
(220) planes of the Mg(A)O(N) appeared at 26=36.9 to 39°,
42.910 44.8°, and 62.3 to 65.2°, respectively, the XRD peaks
being located between peaks of cubic magnesium oxide and
peaks of cubic aluminum nitride. The ceramic base contained
Mg—Al oxynitridle (Mg—Al—O—N) and spinel
(MgAl,0,) as subphases, each of the Mg—Al oxynitride and
spinel exhibiting an XRD peak at at least 20=47 to 49°.
However, the ceramic base did not contain AIN. As typical
examples, FIG. 3 illustrates an XRD analysis chart of Experi-
mental Example 1, and FIG. 4 illustrates an enlarged view of
the peak of the Mg(A)O(N) in the XRD analysis chart of
Experimental Example 1. Furthermore, Table 1 illustrates
positions of the peak maxima corresponding to the (111),
(200), and (220) planes of the Mg(A)O(N) in each of Experi-
mental Examples 1 to 26, the peak spacing (peak shift)
between the XRD peak maximum corresponding to the (220)
plane of the Mg(A1)O(N) and the peak maximum of magne-
sium oxide, and the integral breadth of the XRD peak corre-
sponding to the (200) plane of the Mg(A1)O(N). In each of
Experimental Examples 6 to 11, 13,16, 17, and 19 to 26, the
peak of spinel overlapped significantly with the peak corre-
sponding to the (111) plane of the Mg(ADO(N), failing to
identify the peak maximum corresponding to the (111) plane.
Thus, the position of the peak maximum corresponding to the
(111) plane was not described in Table 1. It is believed that a
larger peak shift indicates higher solid solubility and that a
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smaller integral breadth indicates a more uniform state of the
solid solution. Note that XRD analysis charts in Experimental
Examples 2, 3,7to 17, and 20 to 25 are not illustrated because
the proportions of the Mg(A)O(N), the Mg—Al oxynitride,
and spinel were different from those in Experimental
Example 1. Here, the main phase refers to a component whose
volume fraction is 50% or more. The subphase refers to a
phase other than the main phase, XRD peaks of the subphase
being identified. In the observation of a cross section, the area
fraction seemingly reflects the volume fraction. Thus, the
main phase is defined as a region having an area fraction of
50% or more in an element mapping image obtained by
EPMA. The subphase is defined as a region other than the
main phase. In Experimental Example 20, similarly to
Experimental Example 1 and so forth, the ceramic base con-
tained three components: Mg(ADO(N), Mg—Al oxynitride,
and spinel. However, the amounts of the components were not
so different, so the ceramic base was composed of a compos-
ite material in which none ofthe components served as a main
phase. Thus, the foregoing three components were described
in the sections of the main phase and the subphase in Table 1.
Element mapping images in Experimental Examples 1 and 5
by EPMA are illustrated in FIG. 5. As is clear from FIG. 5, the
main phase in Experimental Example 1 is mainly composed
ofMg and O. In addition, Al and N are also detected. Thus, the
main phase is the Mg(A)O(N) illustrated in FIGS. 3 and 4.
Furthermore, a spinel portion and a few Mg—Al oxynitride
portions are observed as subphases. FIG. 5 demonstrated that
the Mg(AI)O(N) had an area fraction of about 86% and thus
the MgO—AIN solid solution served as a main phase in
Experimental Example 1. The same analysis was conducted
on other experimental examples and revealed that, for
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example, the area fractions of the Mg(A1)O(N) in Experimen-
tal Examples 7 and 15 were about 59% and about 75%,
respectively, and thus the Mg(AI)O(N) served as their main
phases. Here, as an example, the identification of the main
phase and the subphase was performed by the element map-
ping by EPMA. Alternatively, any other methods that can
distinguish the volume fractions of the phases may be
employed.

In the element mapping images by EPMA, different con-
centrations are indicated by different colors: red, orange,
yellow, yellowish green, green, blue, and indigo blue. Red
indicates the highest concentration. Indigo blue indicates the
lowest concentration. Black indicates zero. While FIG. 5
illustrates monochrome images, the images of FIG. 5 will be
described below using the original colors. In Experimental
Example 1 (low magnification), for Mg, the background was
indicated by orange, and dot portions were indicated by blue.
For Al, the background was indicated by blue, and the dot
portions were indicated by orange. For N, the background
was indicated by blue, and the dot portions were indicated by
indigo blue. For O, the background was indicated by orange,
and the dot portions were indicated by red. In Experimental
Example 1 (high magnification), for Mg, the background
(Mg(AD)O(N)) was indicated by orange, an island portion
(MgAl,0,) was indicated by blue, and linear portions (Mg—
Al—ON: magnesium-aluminum oxynitride) were indicated
by green. For Al, the background was indicated by blue, and
the island portion and linear portions were indicated by
orange. For N, the background was indicated by blue, the
island portions were indicated by indigo blue, and linear
portions were indicated by green. For O, the background was
indicated by orange, the island portions were indicated by
red, and linear portions were indicated by green. In Experi-
mental Example 5 (low magnification), the images for Mg
and O were indicated by red, and the images for Al and N were
indicated by black.

From the evaluation results of the crystal phase, the
ceramic base in Experimental Example 4 contained the
Mg(ADO(N) as a main phase but also contained spinel and
AIN as subphases. Table 1 illustrates the peak spacing (peak
shift) between the XRD peak of the Mg(A)O(N) and the
XRD peak of magnesium oxide in Experimental Example 4.
It was speculated that in Experimental Example 4, reactions
did not adequately occur at a firing temperature of 1650° C.,
thus resulting in low solid solubility. At a firing temperature of
1600° C., substantially no reaction occurred. Thus, in the
ceramic bases in Experimental Examples 18 and 19, Mg(Al)
O(N) was not formed.

The ceramic base in Experimental Example 5 contained
MgO as a main phase. The ceramic base in Experimental
Example 6 contained spinel as a main phase and MgO as a
subphase. The results demonstrated that when the AIN com-
ponent was not contained in the raw materials, the Al com-
ponent did not form a solid solution with MgO.

In the case of the ceramic base in each of Experimental
Examples 1 to 3, 7t0 13, 17, and 20 to 25, the rate of water loss
(the rate of mass decrease measured by TG-DTA in the range
0f'40° C.t0 500° C.) was 2% or less. In the case of the ceramic
base in each of Experimental Examples 4, 6, 14 to 16, and 26,
the rate of water loss was 3% or less. They had very high
moisture resistance, compared with the ceramic base com-
posed of MgO in Experimental Example 5. As typical
examples of the moisture resistance test and the water resis-
tance test of the bulk materials, photographs of microstruc-
tures in Experimental Examples 2 and 5 are illustrated in FI1G.
6, and photographs of microstructures in Experimental
Examples 8 and 9 are illustrated in FIG. 7. Higher solid
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solubility results in higher moisture resistance of the bulk
materials. In each of Experimental Examples 1 to 3,7 to 14,
17, and 20 to 25, in which the peak shift of the peak corre-
sponding to the (220) plane of the Mg(ADO(N) from magne-
sium oxide was 0.2° or more, when the moisture resistance
test of the bulk material (exposure to the atmosphere at 40° C.
and 90 RH % for 28 days) was performed, the surface state
remained unchanged and was satisfactory. In each of Experi-
mental Examples 4, 15, 16, and 26, when the moisture resis-
tance test of the bulk material was performed, the surface state
was changed. However, the degree of change was low, com-
pared with Experimental Examples 5, 6, 18, and 19, in which
acicular and granular precipitates were formed an 40% or
more of the surface. The results demonstrated that the mois-
ture resistance of the bulk material depends on the solid
solubility of Al and N components in MgO. Specifically, the
ceramic base in which the peak shift of the peak correspond-
ing to the (220) plane of the Mg(A)O(N) from magnesium
oxide was less than 0.03° was changed on 40% or more of the
surface and had low moisture resistance. When the peak shift
was 0.03° or more and less than 0.2°, the ceramic base had
high moisture resistance. When the peak shift was 0.2° or
more, the ceramic base had higher moisture resistance. In
other words, when the XRD peak corresponding to the (220)
plane of the Mg(A1)O(N) appeared at 62.33° or more and less
than 62.50° (28), the XRD peak being located between a peak
of cubic magnesium oxide and a peak of cubic aluminum
nitride, the ceramic base had high moisture resistance. When
the XRD peak appeared at 26=62.50° or more, the ceramic
base had higher moisture resistance. When the XRD peak
corresponding to the (200) plane of the Mg(ADHO(N)
appeared at 42.92° or more and less than 43.04°, the XRD
peak being located between a peak of cubic magnesium oxide
and a peak of cubic aluminum nitride, the ceramic base had
high moisture resistance. When the XRD peak appeared at
20=43.04° or more, the ceramic base had higher moisture
resistance.

It was found that the bulk material exhibiting a larger peak
shift and a smaller integral breadth had higher moisture resis-
tance. Specifically, in each of Experimental Examples 1, 2,7,
8,1010 13, 17,20, and 22 to 24, in which the peak shift of the
XRD peak corresponding to the (220) plane was 0.42° or
more and in which the integral breadth was 0.35° or less,
when the water resistance test of the bulk material was per-
formed, the surface state remained unchanged. In each of
Experimental Examples 3, 9, 14, and 15, when the water
resistance test of the bulk material was performed, a small
number of holes due to elution were observed. In each of
Experimental Examples 4 to 6, 16, 18, 19, and 26 and in each
of Experimental Examples 21 and 25, in which the integral
breadth exceeded 0.50°, the trace of elution was observed on
40% or more of the surface. The results demonstrated that the
bulk material had satisfactory moisture resistance when the
solid solubility of the Al and N components in MgO was
higher and the solid solution was uniform. Specifically, the
material in which the peak shift of the peak corresponding to
the (220) plane of the Mg(A)O(N) from magnesium oxide
was 0.05° or less had low water resistance because 40% or
more of the surface was eluted. The material in which the
peak shift was 0.05° or more and less than 0.42° had high
water resistance. The material in which the peak shift was
0.42° or more but in which the integral breadth of the peak
corresponding to the (200) plane of the Mg(ADO(N) was
more than 0.35° had high water resistance. The material in
which the peak shift was 0.42° or more and in which the
integral breadth was 0.35° or less had higher water resistance.
In other words, when the XRD peak corresponding to the
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(220) plane of the Mg(AO(N) appeared at 62.35° or more
and less than 62.72° (20), the XRD peak being located
between a peak of cubic magnesium oxide and a peak of cubic
aluminum nitride, the material had high water resistance.
When the XRD peak corresponding to the (220) plane
appeared at 20=62.72° or more and when the integral breadth
of the peak corresponding to the (200) plane was more than
0.35°, the material had high water resistance. The material in
which the XRD peak corresponding to the (220) plane
appeared at 26=62.72° or more and in which the integral
breadth was 0.35° or less had higher water resistance. When
the XRD peak corresponding to the (200) plane of the Mg(Al)
O(N) appeared at 42.95° or more and less than 43.17° (20),
the XRD peak being located between a peak of cubic mag-
nesium oxide and a peak of cubic aluminum nitride, the
material had high water resistance. The material in which the
XRD peak appeared at 26=43.17° or more had higher water
resistance.

The evaluation results of the etching rate illustrated in
Table 2 demonstrated that the ceramic base in each of Experi-
mental Examples 1 to 3, 12, and 14 to 16 had high corrosion
resistance comparable to that of the MgO ceramic material in
Experimental Example 5. The evaluation results of the etch-
ing rate demonstrated that the ceramic base in each of Experi-
mental Examples 4, 7 to 11, 13, and 21 to 25 had corrosion
resistance slightly lower than that of MgO in Experimental
Example 5 but had higher corrosion resistance than those of
the ceramic base in Experimental Example 6, i.e., those of the
material containing spinel as a main phase and yttria (not
illustrated in the table, etching rate: about 240 nm/h). The
ceramic base in each of Experimental Examples 1 to 3, 7 to
15,17, and 21 to 25 contained the Mg—Al oxynitride (Mg—
Al—O—N) phase as a subphase. A higher Mg—Al oxyni-
tride phase content resulted in higher mechanical properties.
Upon letting the XRD peak intensity of the Mg—Al oxyni-
tride phase observed at 20=47 to 49° be A, and letting the
intensity of the XRD peak corresponding to the (220) plane of
the Mg(A1)O(N) observed at 26=62.3 to 65.2° be B, the value
of A/B was described in Table 2. A higher value of A/B
indicated a higher Mg—Al oxynitride content. Both of the
fracture toughness and the bending strength were improved
with increasing A/B. In each of Experimental Examples 7 to
11,13, 15,17,20, 21, and 23 to 25, in which the value of A/B
was 0.03 or more, it was found that the ceramic base had a
fracture toughness of 2.5 or more and a high bending strength
of' 180 MPa or more. In each of Experimental Examples 7 to
10, 13, 15, 17, 20, 21, and 23 to 25, it was found that the
ceramic base had a high bending strength of 200 MPa or
more. In Experimental Example 22, although the value of A/B
was 0.03 or more, the bending strength and the fracture tough-
ness were not sufficiently provided because of the occurrence
of cracking around the Mg—Al oxynitride phase whose
grains were grown by the higher firing temperature than those
of'the ceramic bases each exhibiting a value of A/B 0 0.03 or
more. Regarding A/B, for example, in Experimental Example
8, A was 4317 counts, B was 83731 counts, the value of A/B
was 0.039, the fracture toughness was 2.5, and the strength
was 222 MPa. In Experimental Example 15, A was 13,566
counts, B was 108,508 counts, the value of A/B was 0.125, the
fracture toughness was 4.4, and the strength was 350 MPa.
However, an increase in Mg—Al oxynitride content resulted
in a reduction in the proportion of the Mg(AD)O(N) having
high corrosion resistance, thus reducing the corrosion resis-
tance. For example, in Experimental Example 17, in which
the value of A/B was 0.3 or more, the etching rate reached 181
nm/h. In Experimental Example 20, in which the value of A/B
was more than 0.4, the corrosion resistance was the same level
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as that of spinel. The results demonstrated that a value of A/B
01'0.03 to 0.14 resulted in both good corrosion resistance and
good mechanical strength.

The volume resistivity of the ceramic base in each of
Experimental Examples 2, 3, 8, 10, 15, 23, and 24 was 1x10*”
Qcm or more at room temperature. The value of the volume
resistivity was comparable to that of MgO Experimental
Example 5. The results demonstrated that the ceramic base is
suitably used for members, such as electrostatic chucks and
heaters, required to have high resistance for use in semicon-
ductor manufacturing equipment.

The volume resistivities of the ceramic bases in Experi-
mental Examples 5 and 12 were 2x10'* Qcm and 2x10*°
Qcm, respectively, at 600° C. The ceramic base in Experi-
mental Example 12 had a low electrical resistance, compared
with MgO (Experimental Example 5). As with Experimental
Example 12, it was found that the ceramic base in each of
Experimental Examples 1 and 3 also had a low electrical
resistance, compared with Experimental Example 5.

Examples of the production of ceramic members (embed-
ded electrode members) each including a ceramic base and an
electrode will be described below as. In Examples 1 to 60 and
Comparative Examples 1 to 3, as raw material MgO, a com-
mercial item having a purity of 99.4% by mass and an average
particle size of 3 an was used. As raw material Al,O;, a
commercial item having a purity of 99.9% by mass and an
average particle size of 0.5 um was used. As raw material AIN,
a commercial item having a purity of 99% by mass and an
average particle size of 1 um or less was used. In Examples 61
to 66, as ZrO,, a commercial item having a purity of 99% by
mass (purity: ZrO,+H{O,) and an average particle size of 0.1
um was used. In Examples 67 to 72, a commercial item
(BY—Zr0,), in which ZrO, containing 3% by moleY ,O; had
a purity of 99% by mass (purity: ZrO,+HfO,+Y,0;) and an
average particle size of 0.1 pm, was used. In Examples 73 to
78, a commercial item (8Y—Zr0,), in which ZrO, contain-
ing 8% by mole Y,O; had a purity of 99% by mass (purity:
ZrO,+HtO,+Y,0;) and an average particle size of 0.1 pm,
was used. In Examples 79 and 80, a commercial item (13Ca—
7r0,), in which ZrO, containing 13% by mole CaO had a
purity of 99% by mass (purity: ZrO,+HfO,+Ca0O) and an
average particle size of 0.1 pm, was used. In Examples 81 to
86, a commercial item (3Y—Z7r0,), in which ZrO, contain-
ing 3% by mole Y,O; had a purity of 99% by mass (purity:
ZrO,+HtO,+Y,0;) and an average particle size of 0.1 pm,
and as raw material Al,O;, and a commercial item having a
purity 0 99.9% by mass and an average particle size of 0.5 pm
were used. The embedded electrode member was produced
by producing a first sintered compact, applying an electrode
paste to the first sintered compact, arranging a second green
compact (unfired) or a second sintered compact so as to cover
the electrode, and performing sintering.

Production of Ceramic Member

A first sintered compact containing magnesium oxide was
produced as described below. As preparation treatment, raw
material MgO, raw material Al,O,, and raw material AIN
were weighed in amounts (% by mass) described in Tables 3
and 4. These materials were wet-mixed for 4 hours in a nylon
pot with iron-cored nylon balls 20 nm in diameter using
isopropyl alcohol as a solvent. After the completion of the
mixing, the resulting slurry was taken out and dried at 110° C.
in a stream of nitrogen. Then the mixture was passed through
a 30-mesh sieve to provide a powder mixture. Next, as first
compacting treatment, the powder mixture was subjected to
uniaxial pressing at 100 kgf/cm® to form a disk-like green
compact having a diameter of about 50 mm and a thickness of
about 20 mm. The green compact was placed in a graphite



US 9,177,847 B2

23

mold for firing. Subsequently, as first firing treatment, the
disk-like green compact was subjected to hot-press firing to
provide the first sintered compact. The hot-press firing was
performed at a pressing pressure of 200 kgf/cm” and a firing
temperature of 1775° C. An Ar atmosphere was maintained
until the firing was completed. The holding time at the firing
temperature was 4 hours. Then, as processing treatment, the
first sintered compact was processed to form a disk having a
diameter of about 50 nm and a thickness of 3.5 mm. Here, one
of the surfaces was polished with an abrasive (#800). The
polished surface served as a surface for the application of the
electrode paste to be applied.

A first sintered compact containing zirconium oxide as a
main component was produced as described below. In each of
Examples 61 to 80, as first compacting treatment, powders
weighed in amounts (% by mass) described in Table 5 were
subjected to uniaxial pressing at 100 kgf/cm® to form a disk-
like green compact having a diameter of about 50 mm and a
thickness of about 20 mm. The green compact was placed in
a graphite mold for firing. Subsequently, as first firing treat-
ment, the disk-like green compact was subjected to hot-press
firing to provide the first sintered compact. The hot-press
firing was performed at a pressing pressure of 200 kgf/cm?
and a firing temperature of 1300° C. An Ar atmosphere was
maintained until the firing was completed. The holding time
at the firing temperature was 4 hours. Then, as processing
treatment, the first sintered compact was processed to form a
disk having a diameter of about 50 mm and a thickness of 3.5
mm. Here, one of the surfaces was polished with an abrasive
(#800). The polished surface served as a surface for the appli-
cation of the electrode paste to be applied.

A first sintered compact containing zirconium oxide and
aluminum oxide was produced as described below. In each of
Examples 81 to 86, as preparation treatment, raw material
710, and raw material Al,O; were weighed in amounts (% by
mass) described in Table 5. These materials were wet-mixed
for 4 hours in a nylon pot with iron-cored nylon balls 20 mm
in diameter using isopropyl alcohol as a solvent. After the
completion of the mixing, the resulting slurry was taken out
and dried at 110° C. in a stream of nitrogen. Then the mixture
was passed through a 30-mesh sieve to provide a powder
mixture. Next, as first compacting treatment, the powder mix-
ture was subjected to uniaxial pressing at 100 kgf/cm?to form
a disk-like green compact having a diameter of about 50 mm
and a thickness of about 20 mm. The green compact was
placed in a graphite mold for firing. Subsequently, as first
firing treatment, the disk-like green compact was subjected to
hot-press firing to provide the first sintered compact. The
hot-press firing was performed at a pressing pressure of 200
kegflem® and a firing temperature of 1300° C. An Ar atmo-
sphere was maintained until the firing was completed. The
holding time at the firing temperature was 4 hours. Then, as
processing treatment, the first sintered compact was pro-
cessed to form a disk having a diameter of about 50 nm and a
thickness of 3.5 nm. Here, one of the surfaces was polished
with an abrasive (#800). The polished surface served as a
surface for the application of the electrode paste to be applied.

Next, as electrode formation treatment, the electrode paste
was applied to the surface of the first sintered compact to form
an electrode pattern. Regarding electrode components as
electrode raw materials, a pulverized Ru powder prepared by
pulverizing a commercial Ru powder to 10 um and a com-
mercial Al powder (10 um) were mixed together in ratios (mol
%) described in Tables 3, 4, and 5, and the resulting mixtures
were used. Alternatively, the pulverized Ru powder and the
commercial Al powder were mixed together in ratios (mol %)
described in Tables 3, 4, and 5 and heated at 1200° C. in an Ar

10

15

20

25

30

35

40

45

50

55

60

65

24

atmosphere to synthesize a RuAl alloy. Then the resulting
RuAl alloy was wet-pulverized to an average particle size of
10 um. The resulting RuAl alloy powder was used. In addi-
tion, samples were prepared in which MgO serving as a filler
was added to an electrode paste containing 100 mol % of Ru
and Al in amounts (% by volume) described in Tables 3 and 4.
The electrode paste was prepared by mixing and kneading the
electrode raw material, an organic solvent, and a binder. As
the binder and the organic solvent, a n-butyl polymethacry-
late/butyl carbitol mixture was used. A 5-m wide and 15-mm-
long electrode was formed on the surface of the first sintered
compact by screen printing with the electrode past. In this
case, the electrode had a wet thickness of 50 to 100 um. After
the printing, drying was performed in the atmosphere at 100°
C. for 1 hour.

Next, a firing step of co-firing a ceramic base and the
electrode was performed. As lamination treatment, the same
powder mixture as the raw material of the first sintered com-
pact was subjected to uniaxial pressing at 100 kgf/cm? to form
a disk-like second green compact having a diameter of about
50 nm and a thickness of about 20 mm. In each of Examples
1to 58 and 61 to 86 and (Comparative Examples 1 to 3, the
second green compact was stacked on the surface of the first
sintered compact on which the electrode pattern had been
formed, thereby providing a laminate having a three-layer
structure of first sintered compact/electrode pattern/second
green compact. In each of Examples 59 and 60, a second
sintered compact produced in the same way as the first sin-
tered compact was stacked on the surface of the first sintered
compact on which the electrode pattern had been formed,
thereby providing a laminate having a three-layer structure of
first sintered compact/electrode pattern/second sintered com-
pact. Subsequently, the laminate was placed in a carbon jig for
hot-press firing. As second firing treatment, the laminate was
subjected to hot-press firing at the same temperature as the
first firing treatment. In the second firing treatment, the press-
ing pressure was 200 kgf/cm®. An Ar atmosphere was main-
tained until the firing was completed. The holding time at the
firing temperature was 4 hours. In this way, the green compact
and the electrode pattern were sintered to form a second
sintered compact and an electrode. Simultaneously, the first
sintered compact, the electrode, and the second sintered com-
pact were bonded together to form a monolithic ceramic
member with a built-in electrode. A piece was cut from the
monolithic ceramic member and used for evaluation tests
described below. Instead of the first sintered compact, a first
portion may be formed into a green compact. An article in
which an electrode pattern is formed on a surface of the green
compact may be prepared. After stacking the second green
compact on the article, hot-pressing firing may be performed
to produce a ceramic member (embedded electrode member).

Examples 1 to 86

Embedded electrode members in Examples 1 to 86 were
produced under conditions described in Tables 3, 4, and 5. In
Examples 1 to 10, ceramic bases were composed of a mag-
nesium oxide solid solution, and electrodes were made from
mixed pastes containing a Ru powder and an Al powder, the
mixed pastes having different Ru/Al ratios. In Examples 11 to
20, bases were composed of the magnesium oxide solid solu-
tion, and electrodes were made from alloy pastes containing
RuAl alloy powders having different Ru/Al ratios. In
Examples 21 to 24, electrodes were made from mixed pastes
having different MgO contents. In Examples 25 to 28, elec-
trodes were made from alloy pastes having different MgO
contents. In Examples 29 to 32, 37 to 40, 45 to 48, and 53 to



US 9,177,847 B2

25

55, bases were composed of magnesium oxide solid solutions
having different compositions, and electrodes were made
from mixed pastes having different Ru/Al ratios. In Examples
331036,411t044,49t0 52, and 56 to 58, bases were composed

of magnesium oxide solid solutions having different compo- 3

sitions, and electrodes were made from alloy pastes having
different Ru/Al ratios. In Examples 1 to 58, embedded elec-
trode members were produced with combinations of first
sintered compacts composed of magnesium oxide solid solu-
tions and second green compacts. In Example 59, an elec-
trode was made from a mixed paste, and an embedded elec-
trode member was produced with a combination of two
sintered compacts, i.e., a first sintered compact composed of
a magnesium oxide solid solution and a second sintered com-
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and aluminum oxide, and electrodes were made from mixed
pastes containing the Ru powder and the Al powder, the
mixed pastes having different Ru/Al ratios. In Examples 84 to
86, bases were composed of the composite material of zirco-
nium oxide and aluminum oxide, and electrodes were made
from alloy pastes containing RuAl alloy powders having dif-
ferent Ru/Al ratios. In Examples 61 to 86, embedded elec-
trode members were produced with combinations of first
sintered compacts mainly composed of zirconium oxides and
second green compacts.

Comparative Examples 1 to 3

Embedded electrode members according to Comparative
Examples 1 to 3 were produced under conditions described in

pact. In Example 60, an electrode was made from an alloy " Table 3. In Comparative Example 1, an electrode was made
paste, and an embedded electrode member was produced with from a Ru powder alone. In Comparative Example 2, an
a combination of two sintered compacts, i.e., a first sintered electrode was made from a mixed paste containing the Ru
compact composed of a magnesium oxide solid solution and powder and an Al powder. In Comparative Example 3, an
asecond sintered compact. In Examples 61 to 63,6710 69,73, electrode was made from an alloy paste containing the Ru
to 75, and 79, bases were composed of zirconium oxides, and powder and the Al powder. In Comparative Examples 1 to 3,
electrodes were made from mixed pastes containing the Ru embedded electrode members were produced with combina-
powder and the Al powder, the mixed pastes having different tions of first sintered compacts composed of magnesium
Ru/Al ratios. In Examples 64 to 66, 70to 72, 76 to 78, and 80, oxide solid solutions and second green compacts. Tables 3 to
bases were composed of zirconium oxides, and electrodes ,. 5 summarize the amounts of raw materials for the ceramic
were made from alloy pastes containing RuAl alloy powders bases, the compositions of the electrodes, and the types of the
having different Ru/Al ratios. In Examples 81 to 83, bases electrode pastes in Examples 1 to 86 and Comparative
were composed of a composite material of zirconium oxide Examples 1 to 3.
TABLE 3
Preparation of
Preparatino of Base Electrode!
MgO  ALO; AIN Ru Al MgO
mass % mass% mass% mol% mol% vol % Kind of Paste?
EXAMPLE 1 60 30 10 90 10 0 Mixed Past
EXAMPLE 2 60 30 10 80 20 0 Mixed Past
EXAMPLE 3 60 30 10 70 30 0 Mixed Past
EXAMPLE 4 60 30 10 60 40 0 Mixed Past
EXAMPLE 5 60 30 10 55 45 0 Mixed Past
EXAMPLE 6 60 30 10 50 50 0 Mixed Past
EXAMPLE 7 60 30 10 475 525 0 Mixed Past
EXAMPLE 8 60 30 10 45 55 0 Mixed Past
EXAMPLE 9 60 30 10 40 60 0 Mixed Past
EXAMPLE 10 60 30 10 30 70 0 Mixed Past
EXAMPLE 11 60 30 10 90 10 0 Alloy Paste
EXAMPLE 12 60 30 10 80 20 0 Alloy Paste
EXAMPLE 13 60 30 10 70 30 0 Alloy Paste
EXAMPLE 14 60 30 10 60 40 0 Alloy Paste
EXAMPLE 15 60 30 10 55 45 0 Alloy Paste
EXAMPLE 16 60 30 10 50 50 0 Alloy Paste
EXAMPLE 17 60 30 10 475 525 0 Alloy Paste
EXAMPLE 18 60 30 10 45 55 0 Alloy Paste
EXAMPLE 19 60 30 10 40 60 0 Alloy Paste
EXAMPLE 20 60 30 10 30 70 0 Alloy Paste
EXAMPLE 21 60 30 10 50 50 10 Mixed Past
EXAMPLE 22 60 30 10 50 50 20 Mixed Past
EXAMPLE 23 60 30 10 50 50 30 Mixed Past
EXAMPLE 24 60 30 10 50 50 40 Mixed Past
EXAMPLE 25 60 30 10 50 50 10 Alloy Paste
EXAMPLE 26 60 30 10 50 50 20  Alloy Paste
EXAMPLE 27 60 30 10 50 50 30  Alloy Paste
EXAMPLE 28 60 30 10 50 50 40  Alloy Paste
COMPARATIVE EXAMPLE 1 60 30 10 100 0 0 Mixed Past
COMPARATIVE EXAMPLE 2 60 30 10 20 80 0 Mixed Past
COMPARATIVE EXAMPLE 3 60 30 10 20 80 0 Alloy Paste

1>MgO was added based on mass % relative to 100 mol % of Ru and Al or RuAl
DMixed paste containing Ru powder and Al powder.

Alloy paste containing RuAl alloy powders prepared in advance.
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Preparation of

Preparation of Base Electrode
MgO  ALO; AIN Ru Al MgO
mass % mass % mass% mol% mol% vol % Kind of Paste®
EXAMPLE 29 100 0 0 60 40 0  Mixed Paste
EXAMPLE 30 100 0 0 50 50 0  Mixed Paste
EXAMPLE 31 100 0 0 40 60 0  Mixed Paste
EXAMPLE 32 100 0 0 30 70 0  Mixed Paste
EXAMPLE 33 100 0 0 60 40 0  Alloy Paste
EXAMPLE 34 100 0 0 50 50 0  Alloy Paste
EXAMPLE 35 100 0 0 40 60 0  Alloy Paste
EXAMPLE 36 100 0 0 30 70 0  Alloy Paste
EXAMPLE 37 30 12 8 30 20 0  Mixed Paste
EXAMPLE 38 30 12 8 60 40 0  Mixed Paste
EXAMPLE 39 30 12 8 40 60 0  Mixed Paste
EXAMPLE 40 30 12 8 30 70 0  Mixed Paste
EXAMPLE 41 30 12 8 30 20 0  Alloy Paste
EXAMPLE 42 30 12 8 60 40 0  Alloy Paste
EXAMPLE 43 30 12 8 40 60 0  Alloy Paste
EXAMPLE 44 30 12 8 30 70 0  Alloy Paste
EXAMPLE 45 49 30 21 90 10 0  Mixed Paste
EXAMPLE 46 49 30 21 70 30 0  Mixed Paste
EXAMPLE 47 49 30 21 50 50 0  Mixed Paste
EXAMPLE 48 49 30 21 30 70 0  Mixed Paste
EXAMPLE 49 49 30 21 90 10 0  Alloy Paste
EXAMPLE 50 49 30 21 70 30 0  Alloy Paste
EXAMPLE 51 49 30 21 50 50 0  Alloy Paste
EXAMPLE 52 49 30 21 30 70 0  Alloy Paste
EXAMPLE 53 25 50 30 90 10 0  Mixed Paste
EXAMPLE 54 25 50 30 70 30 0  Mixed Paste
EXAMPLE 55 25 50 30 50 50 0  Mixed Paste
EXAMPLE 56 25 50 30 90 10 0  Alloy Paste
EXAMPLE 57 25 50 30 70 30 0  Alloy Paste
EXAMPLE 58 25 50 30 50 50 0  Alloy Paste
EXAMPLE 59 60 30 10 50 50 0  Mixed Paste
EXAMPLE 60 60 30 10 50 50 0  Alloy Paste

1)MgO was added based on mass % relative to 100 mol % of Ru and Al or RuAlL
DMixed paste containing Ru powder and Al powder.
Alloy paste containing RuAl alloy powders prepared in advance.

TABLE §
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Preparation of

Preparation of Base Electrode
710, 3Y—Zr0,2 8Y—Z10,Y 13Ca—7r0,%Y ALO; Ru Al
mass % mass % mass % mass % mass % mol% mol% Kind of Paste!
EXAMPLE 61 100 0 0 0 0 70 30 Mixed Paste
EXAMPLE 62 100 0 0 0 0 50 50 Mixed Paste
EXAMPLE 63 100 0 0 0 0 30 70 Mixed Paste
EXAMPLE 64 100 0 0 0 0 70 30 Alloy Paste
EXAMPLE 65 100 0 0 0 0 50 50 Alloy Paste
EXAMPLE 66 100 0 0 0 0 30 70 Alloy Paste
EXAMPLE 67 0 100 0 0 0 80 20 Mixed Paste
EXAMPLE 68 0 100 0 0 0 50 50 Mixed Paste
EXAMPLE 69 0 100 0 0 0 30 70 Mixed Paste
EXAMPLE 70 0 100 0 0 0 80 20 Alloy Paste
EXAMPLE 71 0 100 0 0 0 50 50 Alloy Paste
EXAMPLE 72 0 100 0 0 0 30 70 Alloy Paste
EXAMPLE 73 0 0 100 0 0 80 20 Mixed Paste
EXAMPLE 74 0 0 100 0 0 50 50 Mixed Paste
EXAMPLE 75 0 0 100 0 0 30 70 Mixed Paste
EXAMPLE 76 0 0 100 0 0 80 20 Alloy Paste
EXAMPLE 77 0 0 100 0 0 50 50 Alloy Paste
EXAMPLE 78 0 0 100 0 0 30 70 Alloy Paste
EXAMPLE 79 0 0 0 100 0 50 50 Mixed Paste
EXAMPLE 80 0 0 0 100 0 50 50 Mixed Paste
EXAMPLE 81 0 75 0 0 25 90 10 Mixed Paste
EXAMPLE 82 0 75 0 0 25 50 50 Mixed Paste
EXAMPLE 83 0 75 0 0 25 40 60  Mixed Paste
EXAMPLE 84 0 75 0 0 25 90 10 Alloy Paste
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TABLE 5-continued
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Preparation of

Preparation of Base Electrode
710, 3Y—Zr0,2 8Y—Z10,Y 13Ca—7r0,%Y ALO; Ru Al
mass % mass % mass % mass % mass % mol% mol % Kind of Paste®
EXAMPLE 85 0 75 0 0 25 50 50  Alloy Paste
EXAMPLE 86 0 75 0 0 25 40 60  Alloy Paste
DMixed paste containing Ru powder and Al powder.
Alloy paste containing RuAl alloy powders prepared in advance.
270, contaitninf 3 mol % of Y50,
3)ZrOZ contaitning 8 mol % of Y,0;.
4)Zr02 containing 13 mol % of CaO.
15

Electrical Resistivity

Rectangular parallelepiped test pieces each having a width
of 9 mm, a length of 9 mm, and a thickness of about 6 mm
were cut from the resulting monolithic ceramic members with
built-in electrodes. In each of the test pieces according to
Examples 1 to 86 and Comparative Examples 1 to 3, the
center of the electrode in the width direction was matched
with the center of the test piece in the width direction, and the
electrode was exposed at both ends in the longitudinal direc-
tion. The electrical resistivity was measured as described
below: Lead wires were connected to both ends (surfaces
where electrode was exposed) of each test piece in the longi-
tudinal direction with a conductive paste to form a circuit.
Regarding measurement conditions, a minute electric current
was applied in the range 0f 150 mA to O mA in the atmosphere
at roan temperature (20° C.). The resulting minute voltage
was measured to determine an electrode resistance R. The
resistivity p (2cm) was calculated from the expression p=Rx
S/L, where R represents the resistance (€2), S represents the
area (cm?) of the exposed surface of the electrode, and L
represents the length (cm) of the electrode.

Evaluation of Microstructure after the Embedding of Elec-
trode

Each of the resulting monolithic ceramic members with
built-in electrodes was cut to expose the electrode. A cut
surface was mirror-polished, and then an evaluation as to
whether a crack was formed in the ceramic base around the
electrode was made with a scanning electron microscope
(SEM). Furthermore, to evaluate the reactivity between the
electrode components and the ceramic base, electron probe
microanalysis (EPMA) was performed.

XRD Analysis of Electrode

Each of the resulting monolithic ceramic members with
built-in electrodes was cut to expose the electrode. A cut
surface was mirror-polished, and then the crystal phase of the
electrode was identified with an X-ray diffractometer. Mea-
surement conditions were as follows: CuKa, 40 kV, 40 mA,
20=5 to 70°. The measurement step size was 0.02°. A sealed
tube-type X-ray diffractometer (D8 ADVANCE, manufac-
tured by Bruker AXS) was used.

Evaluation of Cracking and Electrode Melting

Each of the resulting monolithic ceramic members with
built-in electrodes was cut at a portion of the member where
the electrode was included. A cut surface was mirror-pol-
ished. The resulting mirror surface was observed with an
electron microscope (SEM, model XI1.30, manufactured by
Philips). The presence or absence of a crack was determined
on the basis of an SEM image. The case where no crack was
observed was rated as “O”. The case where a crack was
observed was rated as ‘“x”. Furthermore, the case where the
electrode was not melted was rated as “O”. The case where
the electrode was melted was rated as “x”.
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Evaluation of Reactivity

The reactivity of the electrode components and the base
materials of the resulting monolithic ceramic members with
built-in electrodes was studied. A cross section was observed
with an electron microscope (SEM, model XI.30, manufac-
tured by Philips). The reactivity was evaluated on the basis of
investigation as to whether an element in the electrode was
contained in the base material by elementary analysis with
EPMA (JXA-8800RL, manufactured by JEOL Ltd), in the
vicinity of the boundary between the electrode and the base
material. Evaluation criteria are described below. The case
where the diffusion of the electrode component or the shift of
the base composition was not observed in the base material in
the vicinity of the electrode was rated as “©”. The case where
the diffusion of the electrode component or the shift of the
base composition occurred in a region of the base material
which extended from the boundary to a position 30 um or less
away from the boundary and which was located in the vicinity
of the electrode was rated as “O”. The case where the diffu-
sion of the electrode component or the shift of the base com-
position occurred in a region of the base material which
extended from the boundary to a position 100 pm or less away
from the boundary and which was located in the vicinity of
the electrode was rated as “A”. The case where the diffusion
of the electrode component or the shift of the base composi-
tion occurred in a region of the base material which extended
from the boundary to a position more than 100 um away from
the boundary and which was located in the vicinity of the
electrode was rated as “x”.

Measurement of Thermal Expansion Coefficient of
Ceramic Base

Thermal expansion coefficients of sintered compacts pro-
duced in the same ways as in the respective examples were
measured by a method according to JIS-R1618 at a tempera-
ture range of 40° C. to 1000° C. The resulting thermal expan-
sion coefficients were defined as those of the ceramic bases.

Thermal Expansion Coefficient of Electrode

Thermal expansion coefficients of the electrodes were cal-
culated on the basis of the volume fractions of the electrode
components and the filler. Regarding the volume fractions of
the components, a cross section was observed with an elec-
tron microscope (SEM, model XI.30, manufactured by Phil-
ips), and then the area ratios of the components calculated by
image analysis were used as the volume fractions. In SEM
observation, different levels of contrast were observed in
response to the elemental components and the compositions.
The thermal expansion coefficient of each of the components
was measured by the method according to JIS-R1618 at a
temperature range of 40° C. to 1000° C. The resulting values
of the thermal expansion coefficients were used: MgO: 13
pp/K, ZrO,: 11.5 ppm/K, 3Y—7rO,: 11 ppm/K,
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8Y—7r0,: 10.5 ppm/K, 13Ca—7r0O,: 11 ppm/K, RuAl:
10.5 ppnV/K, Ru,Al;: 13.5 ppm/K, and Ru;Al, 50 15 pprmv/K.

Evaluation Result and Discussion

Tables 6 to 8 summarize the evaluation results regarding,
for example, the electrode crystal phase, the resistivity
(Qcm), the presence or absence of a crack, whether the elec-
trode was melted or not, and whether the electrode compo-
nents and the base materials were reacted or not, in Examples
1 to 86 and Comparative Examples 1 to 3. As described in
Examples 1 to 86 in Tables 6 to 8, for the electrodes in
examples, a crack was not formed in each of the ceramic
bases, and a low resistance of 5.5x107> Qcm or less was
provided. In Examples 1 to 86, the EPMA analysis of the
ceramic bases revealed only a slight diffusion of the electrode
components in the ceramic bases. The XRD analysis of the
electrodes in the ceramic members revealed that the crystal
phases of the electrode components after embedding were
Ru, RuAl, MgO as the filler, Ru,Al;, and so forth. The results
demonstrated that the RuAl alloy may have a low reactivity to
Mg(ADO(N) and ZrO, contained in the bases. Regarding the
thermal expansion coefficients of the materials, MgO had a
thermal expansion coefficient of 13 ppm/K. AIN had a ther-
mal expansion coefficient of 5 ppm/K. Al,O; had a thermal
expansion coefficient of 8 ppnm/K. Mg(A1)O(N) had a thermal
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expansion coefficient ofabout 11 ppm/K. The RuAl alloy had
a thermal expansion coefficient of 10.5 ppm/K. Thus, in
Examples 1 to 86, regarding the difference in thermal expan-
sion coefficient between the ceramic bases and the electrodes,
the difference in thermal expansion coefficient between MgO
and the RuAl alloy was determined to be 2.5 ppm/K or less.
The difference in thermal expansion coefficient between
Mg(ADO(N) and the RuAl alloy was determined to be 0.8
ppn/K or less. Hence, the occurrence of cracking due to the
difference in thermal expansion coefficient after sintering
was further suppressed. In Examples 59 and 60, in which the
ceramic members were produced with the first sintered com-
pacts and the second sintered compacts, the resulting ceramic
members had the same tendency as the ceramic members
produced with the first sintered compacts and the second
green compacts. In contrast, in each of Comparative
Examples 1 to 3, cracking occurred in part of the ceramic base
around the electrode, as described in Table 6. In each of
Comparative Examples 2 and 3, the EPMA analysis revealed
that the Al component was diffused in a region of the ceramic
base extending from the boundary to a position 100 um or
more away from the boundary. In each of Comparative
Examples 2 and 3, the Al content of the electrode material was
as high as 80% by mole. Thus, a heterophase (Ru;Al, ;) was
detected by XRD analysis.

TABLE 6
Thermal Thermal Reactivity of
Expansion Expansion Electrode
Coefficient of  Coefficient of Component

Electrode Resistivity Base Electorde and Base

Crystal Phase® Qcm ppm K7t ppm K Crack Melting  Material
EXAMPLE 1 Ru, RuAl, MgO 5.0x107¢ 10.7 9 O O O
EXAMPLE 2 RuAl Ru, MgO 41x107¢ 10.7 9.5 O O O
EXAMPLE 3 RuAl Ru, MgO 3.5%x107° 10.7 10 O O O
EXAMPLE 4 RuAl MgO 2.0x107¢ 10.7 10.7 O O O
EXAMPLE 5 RuAl MgO 1.2x1076 10.7 10.7 O O @
EXAMPLE 6 RuAl MgO 1.2x107° 10.7 10.7 O O @
EXAMPLE 7 RuAl MgO 1.2x1076 10.7 10.7 O O ®
EXAMPLE 8 RuAl MgO 1.2x107° 10.7 10.7 O O @
EXAMPLE 9 RuAl MgO 1.8x 1076 10.7 10.8 O O ®
EXAMPLE 10 RuAl Ru,Alz, MgO 5.0x107¢ 10.7 12 O O O
EXAMPLE 11 Ru, RuAl, MgO 4.0x 1076 10.7 9 O O O
EXAMPLE 12 RuAl Ru, MgO 34x107¢ 10.7 9.5 O O O
EXAMPLE 13 RuAl Ru, MgO 28 %1076 10.7 10 O O O
EXAMPLE 14 RuAl MgO 1.5x 1076 10.7 10.7 O O O
EXAMPLE 15 RuAl MgO 1.0x107° 10.7 10.7 O O @
EXAMPLE 16 RuAl MgO 1.0x 1076 10.7 10.7 O O ®
EXAMPLE 17 RuAl MgO 1.0x 1076 10.7 10.7 O O @
EXAMPLE 18 RuAl MgO 1.0x107° 10.7 10.7 O O @
EXAMPLE 19 RuAl MgO 1.5x 1076 10.7 11 O O @
EXAMPLE 20 RuAl Ru,Alz, MgO 5.0x107¢ 10.7 12 O O O
EXAMPLE 21 RuAl MgO 1.8x 1076 10.7 10.8 O O ®
EXAMPLE 22 RuAl MgO 2.6x1076 10.7 11 O O @
EXAMPLE 23 RuAl MgO 3.6x107¢ 10.7 11.3 O O ®
EXAMPLE 24 RuAl MgO 5.1x107¢ 10.7 11.5 O O @
EXAMPLE 25 RuAl MgO 1.0x107° 10.7 10.8 O O @
EXAMPLE 26 RuAl MgO 2.0x107¢ 10.7 11 O O @
EXAMPLE 27 RuAl MgO 28 %1076 10.7 11.3 O O @
EXAMPLE 28 RuAl MgO 4.0x 1076 10.7 11.5 O O ®
COMPARATIVE EXAMPLE1 Ru 6.0x107° 10.7 8 X O A
COMPARATIVE EXAMPLE 2 RujAl,;, Ru,Aly, MgO 20x 107 10.7 14 X X X
COMPARATIVE EXAMPLE 3 RujAlj;, RupAly, MgO 1.5x 1074 10.7 14 X X X

DThe former component has higher peak.
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TABLE 7
Thermal Thermal Reactivity of
Expansion Expansion Electrode
Coefficient of  Coefficient of Component
Electrode Resistivity Base Electorde and Base
Crystal Phase® Qem ppm K7t ppm K Crack Melting  Material
EXAMPLE 29 RuAl, MgO 3.0x107° 13 10.7 O O @
EXAMPLE 30 RuAl, MgO 2.6 x107° 13 10.7 O O C]
EXAMPLE 31 RuAl, MgO 29x107° 13 10.7 O O c]
EXAMPLE 32 RuAl, Ru,Al;, MgO 5.0 x 107 13 12 O O O
EXAMPLE 33 RuAl, MgO 2.7%x107° 13 10.7 O O @
EXAMPLE 34 RuAl, MgO 25%x107° 13 10.7 O O C]
EXAMPLE 35 RuAl, MgO 25x%x107° 13 10.7 O O c]
EXAMPLE 36 RuAl, Ru,Al;, MgO 5.0 x 107 13 12 O O O
EXAMPLE 37 RuAl, Ru, MgO 43x107° 11.5 9.5 O O O
EXAMPLE 38 RuAl, MgO 25%x107° 11.5 10.7 O O C]
EXAMPLE 39 RuAl, MgO 22x107° 11.5 10.7 O O c]
EXAMPLE 40 RuAl Ru,Al;, MgO 5.0 x 107 11.5 12 O O O
EXAMPLE 41 RuAl, Ru, MgO 3.7%x107° 11.5 9.5 O O O
EXAMPLE 42 RuAl, MgO 24x107° 11.5 10.7 O O C]
EXAMPLE 43 RuAl, MgO 2.1x107° 11.5 10.7 O O c]
EXAMPLE 44 RuAl, Ru,Al;, MgO 5.0 x 107 11.5 12 O O O
EXAMPLE 45 Ru, RuAl, MgO 4.8x107° 10 9 O O O
EXAMPLE 46 RuAl, Ru, MgO 3.5%x107° 10 10 O O O
EXAMPLE 47 RuAl, MgO 1.5x 107 10 10.7 O O c]
EXAMPLE 48 RuAl, Ru,Al;, MgO 5.0 x 1072 10 12 O O O
EXAMPLE 49 Ru, RuAl, MgO 42x107° 10 9 O O O
EXAMPLE 50 RuAl, Ru, MgO 3.0x107° 10 10 O O O
EXAMPLE 51 RuAl, MgO 1.5x 107 10 10.7 O O c]
EXAMPLE 52 RuAl, Ru,Al;, MgO 5.0 x 1072 10 12 O O O
EXAMPLE 53 Ru, RuAl, MgO 4.7x107° 9 9 O O O
EXAMPLE 54 RuAl, Ru, MgO 3.6x107° 9 10 O O O
EXAMPLE 55 RuAl, MgO 1.5x 107 9 10.7 O O c]
EXAMPLE 56 Ru, RuAl, MgO 3.9%x107° 9 9 O O O
EXAMPLE 57 RuAl, Ru, MgO 3.1x107° 9 10 O O O
EXAMPLE 58 RuAl, MgO 1.4x107° 9 10.7 O O @
EXAMPLE 59 RuAl 1.0x 107 10.7 10.5 O O @
EXAMPLE 60 RuAl 0.9x107° 10.7 10.5 O O @
DThe former component has higher peak.
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TABLE 8
Thermal Thermal Reactivity of
Expansion Expansion Electrode
Coefficient of  Coefficient of Component
Electrode Resistivity Base Electorde and Base
Crystal Phase® Qem ppm K7t ppm K7t Crack Melting  Material
EXAMPLE 61 RuAl, ZrO, 5.0x 1078 11.5 10 O O O
EXAMPLE 62 RuAl 3.5%107° 11.5 10.5 O O ©]
EXAMPLE 63 RuAl, ZrO, 4.9x 1076 11.5 12 O O O
EXAMPLE 64 RuAl, ZrO, 4.6x 107 11.5 10 O O O
EXAMPLE 65 RuAl 3.1x 1078 11.5 10.5 O O ©]
EXAMPLE 66 RuAl, ZrO, 4.8x 1076 11.5 12 O O O
EXAMPLE 67 RuAl, 3Y—ZrO, 49x 107 11 9.5 O O O
EXAMPLE 68 RuAl 3.4x 1078 11 10.5 O O ©]
EXAMPLE 69 RuAl, 3Y—ZrO, 4.8x 107 11 12 O O O
EXAMPLE 70 RuAl, 3Y—ZrO, 4.2x 1076 11 9 O O O
EXAMPLE 71 RuAl 3.1x107° 11 10.5 O O ©]
EXAMPLE 72 RuAl, 3Y—ZrO, 4.5%x 1076 11 12 O O O
EXAMPLE 73 RuAl, 8Y—ZrO, 3.6x 107¢ 10.5 9.5 O O O
EXAMPLE 74 RuAl 3.2x107° 10.5 10.5 O O ©]
EXAMPLE 75 RuAl, 8Y—ZrO, 4.9x 1076 10.5 12 O O O
EXAMPLE 76 RuAl, 8Y—ZrO, 3.2x107° 10.5 9.5 O O O
EXAMPLE 77 RuAl 2.9x%107¢ 10.5 10.5 O O ©]
EXAMPLE 78 RuAl, 8Y—ZrO, 4.6x 1076 10.5 12 O O O
EXAMPLE 79 RuAl 41x 107 11 10.5 O O ©]
EXAMPLE 80 RuAl 4.0x 1076 11 10.5 O O ©]
EXAMPLE 81 RuAl, 3Y—ZrO,, ALO;  4.9x 107 10 9 O O O
EXAMPLE 82 RuAl 33x107¢ 10 10.5 O O ©]
EXAMPLE 83 RuAl, 3Y—ZrO,, ALO;  3.6x 107 10 11 O O O
EXAMPLE 84 RuAl, 3Y—Z10,, ALLO;  4.5x 1076 10 9 O O O
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TABLE 8-continued
Thermal Thermal Reactivity of
Expansion Expansion Electrode
Coefficient of  Coefficient of Component

Electrode Resistivity Base Electorde and Base

Crystal Phase® Qem ppm K7t ppm K7t Crack Melting  Material
EXAMPLE 85 RuAl 2.9x%107¢ 10 10.5 O O ©
EXAMPLE 8 RuAl, 3Y—Z10,, ALO;  3.4x 1076 10 11 O O O

DThe formar component has higher peak.
3Y:ZrO; containing 3 mol % of Y03,
8Y:ZrO; containing 8 mol % of Y>03.

The present application claims priority from Japanese
Patent Application No 2013-060006 filed on Mar. 22, 2013,
the entire contents of which are incorporated herein by refer-
ence.

What is claimed is:

1. A ceramic member comprising:

aceramic base containing at least one of magnesium oxide,

a magnesium oxide solid solution in which a predeter-
mined component is dissolved in magnesium oxide, and
zirconium oxide; and

an electrode arranged on part of the ceramic base, the

electrode containing a ruthenium-aluminum alloy serv-
ing as an electrode component.

2. The ceramic member according to claim 1, wherein the
electrode further contains at least one selected from Mg, Zr,Y,
Ca, Ce, Al, N, and O serving as the electrode components.

3. The ceramic member according to claim 1, wherein the
proportion of Ru in a raw material for the formation of the
electrode is more than 20% by mole and 95% by mole or less
with respect to the total of Ru and Al.

4. The ceramic member according to claim 1, wherein the
electrode is a sintered electrode made from a ruthenium-
aluminum alloy powder serving as a raw material.

5. The ceramic member according to claim 1, wherein the
electrode is a sintered electrode made from a ruthenium pow-
der and an aluminum powder serving as raw materials.

6. The ceramic member according to claim 1, wherein the
electrode has a thickness of 1 um or more and 200 pm or less.

7. The ceramic member according to claim 1, wherein the
ceramic base contains the magnesium oxide solid solution
containing Mg(Al)O(N) in which Al and N components are
dissolved in magnesium oxide, the Mg(Al)O(N) serving as a
main phase.

8. The ceramic member according to claim 7, wherein the
ceramic base contains the magnesium oxide solid solution
containing the Mg(Al)O(N), wherein an XRD peak corre-
sponding to the (111) plane of the Mg(AD)O(N) appears at
20=36.9 to 39°, an XRD peak corresponding to the (200)
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plane of the Mg(A1)O(N) appears at 42.9t0 44.8°, oran XRD
peak corresponding to the (220) plane of the Mg(ADO(N)
appears at 62.3 to 65.2°, the XRD peaks being measured with
CuKa radiation and located between a peak of cubic magne-
sium oxide and a peak of cubic aluminum nitride.

9. The ceramic member according to claim 7, wherein the
ceramic base contains the magnesium oxide solid solution
containing the Mg(Al)O(N), wherein an XRD peak corre-
sponding to the (200) plane of the Mg(A)O(N) appears at
20=42.92° or more or an XRD peak corresponding to the
(220) plane appears at 62.33° or more.

10. The ceramic member according to claim 7, wherein the
ceramic base contains the magnesium oxide solid solution
containing the Mg(ADO(N), wherein the integral breadth of
the XRD peak corresponding to the (200) plane of the Mg(Al)
O(N) is 0.50° or less.

11. The ceramic member according to claim 1, wherein the
ceramic base contains the magnesium oxide solid solution
free from an AIN crystal phase.

12. The ceramic member according to claim 1, wherein the
ceramic base contains the magnesium oxide solid solution
that contains a Mg—Al oxynitride phase serving as a sub-
phase, wherein the XRD peak of the Mg—Al oxynitride
phase measured with CuKo radiation appears at at least
26=47 to 49°.

13. The ceramic member according to claim 1, wherein the
ceramic base contains the magnesium oxide solid solution
that has a magnesium oxide content of 49% by mass or more
and 99% by mass or less, an aluminum nitride content 0o 0.5%
by mass or more and 25% by mass or less, and an alumina
content of 0.5% by mass or more and 30% by mass or less, in
terms of the composition of a powder mixture.

14. The ceramic member according to claim 1, wherein the
ceramic base contains the zirconium oxide containing a sta-
bilizer.

15. A member for semiconductor manufacturing equip-
ment, comprising the ceramic member according to claim 1.
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